LABOR  DAY- 1946 
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for  wise  union  leadership 


Iabor  Day,  1946,  finds  one  hopeful  element  in  the 
relations  between  American  management  and 
labor  which  was  not  there  on  Labor  Day,  1945. 
It  comes  in  recent  expressions  by  a  number  of  na¬ 
tional  leaders  of  organized  labor  that  increased  “real” 
wages  depend  upon  in- 
creased  prodvdivity,  i.e. 
increased  output  per 
man-hour.  Increased 
money  wages  which  are 
promptly  offset  by  higher 
prices  do  nobody  any 
good. 

If  these  expressions, 
which  still  remain  to  he 
substantiated  hy  practi¬ 
cal  performance,  come  to 
be  accepted  by  the  rank 
and  file  of  labor  in  each 
community,  Labor  Day, 

1946,  can  usher  in  a 
period  of  great  and  per¬ 
haps  unprecedented  im¬ 
provement  in  the  econo¬ 
mic  wellbeing  of  wage 
earners  — as  well  as  the 
wellbeing  of  the  country 
at  large.  If,  on  the  con¬ 
trary,  they  remain  mere¬ 
ly  window  dressing  and 
there  is  a  continuation  of 
the  post  V-J  Day  process 
of  increasing  wages  and 
then  prices,  the  outcome 
can  only  be  the  bursting 
of  an  inflationary  bubble, 
with  attendant  suffering  for  workers  and  the  com¬ 
munity  generally. 

Competition  requires  management  to  bear  down 
heavily  on  increased  labor  productivity  as  a  prelude 
to  wage  increases.  Management,  however,  has  rarely 
made  a  more  forthright  statement  on  the  importance 
of  increasing  labor  productivity  than  that  contained 
in  a  recent  issue  of  LABOR’S  MONTHLY  SURVEY, 
an  ofl&cial  publication  of  the  American  Federation 
of  Labor. 


William  Green,  the  Federation  president,  led  off 
with  a  “message  to  American  workers.”  He  re¬ 
marked,  “Our  major  need  is  increased  volume  of 
production.”  Observing  that  “wage  increases  this 
spring  have  been  paid  for  by  raising  prices,”  the 

survey  itself  goes  on  to 
say  that  “Today  Amer¬ 
ica’s  ability  to  raise  wages 
without  increasing  prices 
and  living  costs  depends 
on  increasing  productiv¬ 
ity  in  civilian  industries 
. . .  Here  is  the  challenge 
to  free  labor  and  free 
enterprise  today;  Coop¬ 
erate  to  increase  produc¬ 
tivity  and  raise  living 
standards  without 
strikes.**  (Italics  sup¬ 
plied.) 

The  importance  of  in¬ 
creasing  production  was 
also  recently  stressed  by 
Walter  Reuther,  Presi¬ 
dent  of  the  United  Auto¬ 
mobile  Workers,  C.LO., 
who  remarked  that  his 
union  “is  just  as  eager  as 
management  to  get  the 
(automobile)  industry 
into  maximum  produc¬ 
tion.”  In  taking  this  gen¬ 
eral  line  he  was  in  accord 
with  the  position  of  Philip 
Murray,  head  of  the 
C.LO.,  who  in  a  book, 
“Organized  Labor  and  Production”  written  with 
Morris  L.  Cooke,  remarks  that,  “The  modem  labor 
leader  also  realizes  that  to  receive  a  good  day’s  pay 
a  man  must  do  a  good  day’s  work  and  that  increased 
productivity  has  been  the  vital  factor  in  the  country’s 
industrial  supremacy  and  its  relatively  high  wage 
scale.**  (Italics  supplied.) 

In  citing  increased  productivity  as  the  key  to  in¬ 
creased  “real”  wages  these  labor  leaders— and  man¬ 
agement— have  the  historical  record  entirely  on 


SPOT  CHECK  ON  LABOR  OlITPlJT 

In  the  absence  of  reliable  general  statistics 
on  what  has  happened  to  productivity  of  labor 
since  V-J  Day  (because  of  strikes  and  recon¬ 
version  complications)  the  McGraw-Hill  Pub¬ 
lishing  Company  asked  the  executives  of  a 
cross  section  of  American  industry  to  report 
their  own  impressions.  The  questions  asked 
and  summaries  of  the  replies,  which  varied 
markedly  from  industry  to  industry  and  plant 
to  plant,  follow. 

Question  No.  1.  How  well  have  workers  performed 
since  V-J  Day  as  compared  to  their  pre-war  effort? 

Answer.  Worker  effort  has  been  below  pre-war. 
There  are  exceptions,  particularly  among  older  and 
more  experienced  workers;  and  there  are  quite  a  few 
signs  of  improvement 

Question  No.  2.  How  much  headway  have  you 
been  able  to  make  since  V-J  Day  in  improving  labor 
productivity  by  better  equipment  and  organization? 

Answer.  Some  headway  is  generally  being  made, 
but  it  has  been  greatly  retarded  by  inability  to  get 
new  equipment  and,  in  some  cases,  by  lack  of  labor 
cooperation  in  improvements  in  organization. 

Question  No.  3.  How  much  improvement  in  equip¬ 
ment  and  organization  is  to  be  anticipated  in  your 
business  over  the  next  year? 

Answer.  Marked  improvement  in  productivity  (in 
a  few  cases  as  much  as  20  per  cent)  can  generally 
be  made  if  there  is  sustained  production  and  full 
cooperation  between  labor  and  management 


their  side.  In  the  40  years  prior  to  the  outbreak  of 
World  War  II  output  per  man-hour  for  the  country 
as  a  whole  was  approximately  doubled.  Over  the 
same  period  the  “real”  hourly  earnings  of  industrial 
workers  were  also  approximately  doubled.  There 
were,  of  course,  great  variations  in  the  increase  of 
output  per  man-hour  from  one  line  of  activity  to 
another.  Also,  there  were  periods  when  increases 
in  “real”  wage  rates  lagged  behind  increases  in  pro¬ 
ductivity.  But  for  the  40  year  period  as  a  whole 
and  the  economy  as  a  whole  there  is  no  mistaking 
the  fact  that  the  route  to  increased  “real”  wage  rates 
was  increased  productivity. 

Three  economic  factors  played  major  roles  in  this 
doubling  of  production  per  man-hour  which  has 
made  America  the  industrial  marvel  of  the  modem 
world.  One  was  the  skill  and  diligence  of  American 
workers.  A  second  was  the  skill  and  diligence  of 
American  management  in  organizing  production.  A 
third  was  the  improvement  of  machinery  and  the 
increased  application  of  power  to  it. 


Wartime  Record 


During  World  War  II  this  sustained  increase  in 
the  productivity  of  labor  in  civilian  manufacturing 
industries,  which  had  averaged  about  3  per  cent 
a  year,  was  brought  to  an  abrupt  halt.  Much  of  the 
most  efficient  segment  of  the  nation’s  labor  force 
went  to  war  or  war  industry.  Also,  civilian  industry 
was  starved  for  new  equipment  while  we  equipped 
our  arsenals.  The  result  was  that  the  productivity 
of  labor  in  those  civilian  manufacturing  industries 
for  which  the  government  keeps  records  actually 
declined  throughout  most  of  the  war.  By  1945  it  was 
no  higher  than  in  1941,  whereas,  if  it  had  maintained 
the  long  run  average,  it  would  have  been  about  12 
per  cent  higher.  In  the  meantime,  however,  average 
hourly  wages  in  these  civilian  industries  had  in¬ 
creased  about  40  per  cent. 

In  war  industry,  which  started  from  low  levels 
of  production  at  strange  tasks,  there  were  substan¬ 
tial  increases  in  output  per  man-hour.  Many  of  these 
increases  involved  new  processes,  improved  tech¬ 
niques,  and  better  machines  which  can  be  adapted 
over  a  period  of  time  to  the  improvement  of  pro¬ 
ductivity  of  labor  in  civilian  industry. 

Since  V-J  Day,  however,  labor,  led  on  by  a  mis¬ 
guided  government,  has  had  its  sights  on  higher 
money  wages  instead  oj  improving  productivity 
which  would  have  laid  the  foundation  for  increased 
“reol”  wages.  Consequently,  debilitating  industrial 
strife  ended  in  a  round  of  wage  increases  which,  in 


the  absence  of  increased  productivity,  is  being 
washed  out  by  higher  prices. 


To  Keep  Production  Rolling 


However,  as  indicated  by  the  summary  of  a 
McGraw-Hill  sampling  of  the  current  experience  of 
industry  in  increasing  output  per  man-hour,  which 
appears  in  the  center  of  the  page,  there  is  hope  that 
the  situation  ahead  can  be  improved.  After  agoniz¬ 
ing  delays  because  of  work  stoppages,  material 
shortages,  and  reconversion  complications,  indus¬ 
trial  production  is  beginning  to  roll  again.  Allowed 
to  roll  it  will  not  be  long  before  it  will  be  making 
those  advances  in  productivity  which  are  the  only 
true  basis  for  increased  “real”  wages. 

If  the  process  of  keeping  American  industry  roll¬ 
ing  to  new  highs  of  productivity  is  to  be  resumed, 
management  must  see  that  the  past  practice  of 
translating  increased  output  per  man-hour  into  in¬ 
creased  “real”  wages  is  not  only  sustained  but 
wherever  possible  accelerated.  For  its  part  organ¬ 
ized  labor  must  abandon  its  manifold  feather  bed¬ 
ding  rules  and  other  production-restricting  practices 
which  afflict  considerable  segments  of  American 
industry.  Further  it  must  give  incentive  systems  of 
pay,  honestly  conceived  and  honestly  administered, 
a  fair  break.  Management  and  labor  and  govern¬ 
ment  and  the  community  at  large  must  collaborate 
in  removing  that  specter  of  working  one^s  self  out 
of  a  job  which  has  been  one  of  the  greatest  causes 
of  restriction  of  output. 

The  current  emphasis  by  leaders  of  organized 
labor  on  the  economic  truth  that  increased  output 
per  man-hour  is  the  only  road  to  increased  “real” 
wages  is  important.  The  next  step  is  to  see  that 
recognition  of  this  truth  seeps  into  the  rank  and 
file  of  labor  and  industry  and  becomes  the  basis  of 
a  program  of  action  at  the  local  level.  If  it  does, 
and  quickly.  Labor  Day,  1946,  may  mark  a  tre¬ 
mendous  turning  jJbint  toward  sustained  prosperity 
not  only  for  labor  but  the  community  at  large.  If  it 
does  not,  union  leadership  will  fail  in  its  responsibil¬ 
ity  and  must  answer  to  the  American  people  for  the 
consequences  of  such  a  failure. 


President  McGraw-Hill  Publishing  Company,  Inc. 
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THIS  IS  THE  50th  OF  A  SERIES 


m'Km 


Permanent  Magnets,  once  as  mysterious  as  the 
hidden  riches  that  lie  beneath  the  earth’s  crust, 
now  aid  the  geologist’s  seismometer  in  exploring 
the  unknown.  Permanent  magnets  serve  science, 
industry  and  medicine  in  modern  precision  con- 
p  trols.  Silent  and  unseen,  they  contribute  their 
I  ’’packaged  energy”  to  the  v'ital  functions  of  radio, 
]  telephony,  telegraphy,  radar,  and  facsimile  trans- 
j  mission. 

5  Millions  of  magnets  serve  us  daily  . . .  ranging 
‘  in  size  from  the  tinv  midget  in  the  hearing  aid  to 
the  giant  radar  magnet . .  .  each  doing  some  job 


better.  More  than  24,000  magnet  applications 
have  been  made  by  The  Indiana  Steel  Products 
Company,  largest  sole  manufacturers  of  Perma¬ 
nent  Magnets. 

Our  engineers  wdll  gladly  consult  with  you  on 
any  special  magnet  application.  Perhaps  perma¬ 
nent  magnets  may  do  some  job  or  process  better 
in  your  business  or  industry.  For  complete  infor¬ 
mation  on  magnetic  applications,  materials,  and 
technical  data,  please  write  for  our  "Permanent 
Magnet  Manual.”  Your  request  will  receive  our 

prompt  attention.  ©1946— The  Indiana  Steel  Products  (.ompany 


*  THE  INDIANA  STEEL  PRODUCTS  COMPANY  * 


PERMANENT  MAGNETS  HELP  REVEAL  HIDDEN  RESOURCES 


ELECTRONICS  —  September,  1946 


Through  the  aid  of  the  permanent 
magnet  the  seismometer  searches  for 
rich  strata  hidden  deep  heiow  the 
surface  of  the  earth. 


A.  Dynamite  explosion 

B.  Reflecting  bed 

C.  Seismometers 

D.  Shooting  Truck 

E.  Recording  Truck 


Seismometer  assembly,  shotvittg 
magnet  and  hakelite  bobbin  at  top. 


Galvanometer  .  Sssembly 


ENERGY” 

*  CHICAGO  2,  ILL. 


SPECIALISTS  IN  PERMANENT  MAGNETS  SINCE  1910 


Data  furniNhed  by  United 
Geophysical  Company, 
Inc.,  Pasadena, California 


PRODUCERS  OF  "PACKAGED 
6  NORTH  MICHIGAN  AVENUE 


PLANTS 


t  VALPARAISO,  INDIANA 

I  STAMFORD,  CONN.  (CINAUDAGRAPH  DIV.) 
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P.  R.  MALLORY  &  CO.,  Inc.,  INDIANAPOLIS  6,  INDIANA 


Switch  with 

Maximum  Insulation? 


This 

RS  30  Ceramic 
Has  It!  ^ 


IGH  INSULATION?  This  switch  has  it— and 


some- 

_l  X  thing  to  spare!  The  ceramic  rotors  and  stators  are 
extra  thick,  too,  for  strength  and  durability. 

But  maximum  insulation  would  mean  very  little  were  it 
not  also  coupled  with  these  other  advantages: 

Compact  design  .  .  .  Unlimited  circuit  possibilities  .  .  .  Silver- 
to- silver  contacts  .  .  .  Double  wiping  contacts  .  .  .  New  type 
rotor  support  allowing  improved  rotor  and  contact  alignment 
. . .  Indium-treated,  silver  plated  rotor  segments. 

Want  more  details?  Send  for  RS  Switch  Data  Folders 
and  for  Specification  Layout  Sheets.  If  special  help  is 
required,  our  engineers  will  be  glad  to  assist  you. 
Standard  Mallory  Switches  may  be  readily  obtained  from 
your  Mallory  Distributor. 


raOMT  view  0*  INMI  ItATK  tt.CvaTI»M  ViCtM  Of  Ni  miTttt 

Ask  for  RS  Specification-Layout  Sheets 

Printed  on  thin  paper  to  permit  blueprinting,  these  sec¬ 
tional  drawings  indicate  standard  and  optional  dimen¬ 
sions — make  it  easy  for  you  to  order  pre-production 
samples  of  RS  switches  built  to  meet  your  requirements 
exactly.  Ask  your  nearest  Mallory  Field  Representative 
or  write  direct  for  a  supply. 
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^BIKINI  .  .  .  There  is  little  doubt  in  anybody’s 
mind  back  here  in  the  United  States  that  the  broad* 
cast  of  the  first  bomb  drop  at  Bikini  came  near  being 
a  complete  hop.  Local  noises  and  racket  picked  up  in 
transmission  were  so  great  that  little  could  be  heard 
of  the  intensely  dramatic  goings-on  at  the  scene. 
Furthermore  the  broadcasters  cannot  seem  to  get  out 
of  their  minds  the  feeling  that  everything  must  be 
reported  in  language  somewhere  between  a  football 
game  and  a  honey-worded  advertisement. 

Part  of  the  technical  blame  for  the  poor  broadcast 
must  be  laid  at  the  Navy’s  door  for  inadequate  prepar¬ 
ation  and  rehearsal  of  the  event  for  it  was  Navy  equip¬ 
ment  that  did  the  job.  This  is  the  more  to  be  regretted 
because  of  the  intense  public  interest  in  every  activity 
of  our  Navy. 

Some  of  the  trouble  was  cleaned  up  by  the  time  of 
the  underwater  blast;  technically  the  job  was  much 
better  done.  One  still  wished,  however,  that  the  man 
at  the  mike  would  please  just  shut  up  for  a  minute  or 
two  to  let  us  hear  what  was  transpiring.  A  second  of 
silence  is  more  than  any  announcer  can  stand,  appar¬ 
ently. 

Aside  from  the  blasts  themselves  and  what  the  Navy 
will  learn  from  them,  there  was  much  at  Bikini  on 
which  the  man  in  the  street  can  ponder.  Successful 
operation  of  the  drones,  those  radio-controlled  planes 
that  scooted  hither  and  yon  through  the  radioactive 
cloud  is,  if  anything,  only  slightly  less  terrifying  than 
the  atomic  bomb  itself.  There  seems  to  be  no  longer 
any  reason  why  bombing  planes  need  carry  any  men  at 
all.  Such  planes  now  can  be  merely  wings  attached 
to  bombs.  Indubitably  the  day  of  the  piloted  airplane 
bombing  mission  is  ended. 

Thus,  even  if  the  atom  bomb  never  existed,  the  in¬ 
gredients  are  here  for  wars  vastly  worse  than  this 
last  world-wide  conflict.  Along  with  the  atomic  scien¬ 
tists,  electronic  experts  must  share  the  curse  of  the 
immeasurable  uneasiness  with  which  the  world  is  af¬ 
flicted.  With  two  television  sets  to  scan  the  sky  ahead 


and  a  selected  group  of  flight  control  instruments,  all 
governed  by  men  far  away  from  the  scene  of  trouble, 
a  “modern”  bomber  can  be  directed  to  its  target, 
turned  around  and  brought  back  to  base  for  its  bomb 
racks  and  gas  tanks  to  be  filled  up  again. 

This,  of  course,  is  only  one  aspect  of  radio-controlled 
missiles  such  as  those  called  Azon,  Razon,  Rock  and 
Tarson.  Ground-to-ground  long-range  busters  like 
those  hitherto  only  used  as  a  stratosphere  sounding 
machine  only  add  to  the  list  of  playthings  which  man 
will  have  available  for  future  battles.  World  War  II 
has  been  called  an  electronic  war  but  the  winning  of  it 
came  about  more  by  the  marvels  of  mass  production 
than  by  electronic  skill.  It  is  the  next  war  that  will 
truly  be  electronic,  if  not  atomic. 

Army  and  Navy  are  correct  in  working  overtime  at 
new  research  into  new  weapons.  To  wait  until  world 
politics  catches  up  with  world  wish  for  security  and 
really  does  something  about  it  would  catalog  histor¬ 
ically  our  armed  forces  like  Nero  who  fiddled  while 
Rome  burned, 

►  TRIM  . . .  Effective  with  this  September)  issue,  the 
trim  size  of  Electronics  will  become  standard  at 
Sixlli  inches  along  with  practically  all  other  McGraw- 
Hill  papers,  a  move  which  regrettably  must  be  done 
now  instead  of  with  next  January  issues.  Paper  short¬ 
age  makes  this  change  in  size  necessary  now. 

For  those  who  bind  their  issues,  the  mechanical  prob¬ 
lem  can  be  solved  by  having  the  binder  fill  in  September 
through  December  issues  at  the  stitching  edge  so  as  to 
equal  the  remainder  of  the  issues  in  width.  The  top  and 
bottom  margins  of  the  first  eight  months’  issues  are 
sufficiently  wide  to  allow  for  trimming  to  the  new 
length. 

Since  there  is  very  little  likelihood  that  the  page  size 
will  return  to  its  pre-war  dimensions,  this  temporary 
inconvenience  will  be  more  than  equalled  by  the  advan¬ 
tage  of  a  standardized  size  from  now  on. 


>NICS 


ATHE 


These  two  radar  scopes  give  the  air  traffic  controller  o  picture  of  all  planes  in  the 
air  within  a  radius  of  30  miles  from  the  control  tower.  Scope  at  left  indicates  altitudes 
of  planes  in  thousands  of  feet,  while  that  at  right  gives  ppi  presentation  for  azimuth 


aviation  depend  upon  their  safety 
and  practicability,  still  to  be  tested 
and  proven  under  an  entirely  dif¬ 
ferent  set  of  conditions. 

The  vhf  instrument  landing  sys¬ 
tem  is  being  installed  on  the  basis 
of  a  priority  list  of  airports  given 
CAA  by  the  Air  Transport  Associa¬ 
tion.  The  radar  ground-controlled 
approach  system  used  by  the  Army 
and  Navy  during  the  war  is  under¬ 
going  continual  tests  and  further 
development  at  CAA’s  Indianapolis 
Experimental  Station.  CAA  officials 
have  stated  that  as  radar  aids  prove 
their  usefulness,  they  will  be  com¬ 
bined  with  the  vhf  system. 

Before  anything  new  can  be 
adopted  along  the  airways,  it  must 
have  the  approval  of  both  airline 
pilots  and  airline  officials  through 
their  representative  groups,  and  it 
must  be  shown  to  contribute  to  the 
safety  of  the  flying  public.  The 
scope  of  the  work  that  can  be  un¬ 
dertaken  depends  in  large  part 
upon  the  size  of  the  appropriation 
granted  by  Congress  to  CAA  to 
conduct  research  and  development 


for  the  adaptation  of  military  appli¬ 
ances  to  civilian  purposes.  One 
official  outside  CAA,  but  closely  in 
touch  with  its  technical  program, 
has  estimated  that  the  amount 
should  be  from  five  to  ten  million 
dollars,  whereas  present  indications 
are  for  an  appropriation  of  $875,000 
for  the  fiscal  year  July  1,  1946-June 
30,  1947  to  cover  all  CAA  technical 
developments.  Of  this,  roughly 
$300,000  is  for  radio  and  radar  de¬ 
velopment  work. 


There  is  growing  evidence  of 
impatience  regarding  the  al¬ 
leged  lag  in  making  available  to 
civil  aviation  important  wartime 
developments.  Questions  are  being 
asked,  most  of  them  relating  to  the 
adoption  of  the  radar  landing  sys¬ 
tem  used  by  the  Army  and  Navy 
during  the  war  and  to  the  use  of 
other  aids  to  navigation  and  of 
anticollision  equipment. 

Officials  of  the  Civil  Aeronautics 
Administration  are  fully  aware  of 
the  impatience  and  questioning,  due 
to  the  spectacular  nature  of  war¬ 
time  developments  and  the  growth 
of  commercial  aviation  by  leaps  and 
bounds.  They  contend,  however, 
that  in  reality  there  is  no  lag.  They 
point  out  that  military  and  civilian 
uses  are  far  from  identical  and  that 
the  speed  and  timing  with  which 
war  advances  are  applied  to  civilian 


Instrument  Landings 

Airlines  plan  to  begin  use  of  the 
CAA  instrument  landing  system 
next  winter  to  facilitate  approach 
and  landing  of  aircraft  under  ad¬ 
verse  weather  conditions,  according 
to  a  joint  announcement  from  the 
Air  Transport  Association  and 
CAA.  The  use  of  this  system  even 
as  an  approach  aid  in  the  case  of 
low  ceilings  would  eliminate  many 
serious  air  traffic  control  problems 
which  exist  now  at  large  terminals 
when  bad  weather  prevails.  The 
system  is  being  installed  at  50  civil 
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Airport  control  tower  at  Indianapolis,  used  by  CAA  in  testing  electronic  aids  to  avi¬ 
ation.  Control  panel  at  right  monitors  performance  of  instrument  landing  system,  and 
cabinet  Just  barely  visible  at  left  houses  radar  scopes 


airports,  which  are  listed  in  Table  1. 

In  order  to  make  use  of  the  new- 
landing  facilities,  the  scheduled  air¬ 
lines  now  are  equipping  their  air¬ 
craft  with  suitable  vhf  receiving 
instruments.  In  spite  of  the  diffi¬ 
culty  experienced  in  getting  the 
new  appliances,  the  entire  fleet  is 
expected  to  be  so  equipped  before 
the  end  of  1946.  Training  of  air¬ 
line  pilots  in  use  of  the  instrument 
landing  system  is  being  accelerated. 

CAA  is  now  getting  delivery  on 
localizer,  glide  path,  and  marker 
beacon  transmitters  and  is  install¬ 
ing  them  at  key  airports.  A  total 
of  105  airports  are  scheduled  to 
have  their  equipment  in  operation 
by  the  summer  of  1947.  Of  these, 
14  are  army  airports. 

The  transition  from  low  to  very 
high  frequency  will  not  be  difficult 
for  the  private  flyer,  according  to 
T.  P.  Wright,  CAA  Administrator. 
There  will  be  no  sudden  change  in 
private  aircraft  radio  equipment, 
since  airway  facilities  on  the  two 
frequencies  will  be  operated  simul¬ 
taneously  for  a  considerable  time. 


As  planes  are  equipped  with  the 
new’  radio  appliances,  there  will  be 
new  facilities  on  the  ground.  Also, 
better  and  lighter  airborne  equip¬ 
ment  is  fast  coming  on  the  market. 

CAA  Landing  System 

The  instrument  system  now 
being  installed  by  CAA,  which  was 
used  by  the  Army  during  the  war 
under  the  military  designation  of 
SCS-51,  is  already  well  known  and 
consists  of  the  familiar  localizer, 
glide  path  and  marker  beacons.  Of 
the  three  elements,  the  marker  bea¬ 
con  is  considered  fully  developed. 
The  localizer,  heretofore  operated 
on  a  basis  of  amplitude  comparison 
with  90  cycles  transmitted  on  one 
side  and  150  cycles  on  the  other 
side  of  the  line  to  define  the  course 
along  the  runway,  already  has  been 
improved  by  using  phase  compar¬ 
ison  instead  of  two  60-cycle  signals. 
This  change  has  resulted  in  a  sim¬ 
plification  of  the  transmitter  on 
the  ground,  and  a  lightening  of  the 
airborne  receiver. 

This  system  is  continuously  mon- 


Table  I — Instrument  Landing 

Systems  as  of  Jime  30,  1946 

('ommissioned  prior  to  this  fiscal  year 

Vtlanta 

Los  Angeles 

('Ihicago 

N.  Y.  (LaGuardia) 

Cleveland 

Oakland 

Kansas  City 

Washington 

Com  missioned 

this  fiscal  year 

Brownsville 

Omaha 

1  (irand  Junction  Seattle  | 

Indianapolis 

St.  Louis 

Las  Vegas 

Wichita 

New  Orleans 

instruction 

completed  but  radio 

equipment 

not  installed 

Billings 

Ft.  Worth 

Buffalo 

Knoxville 

Dallas 

Ixiuisville 

Dayton 

N.  Y.  (Idlewild) 

Denver 

Philadelphia 

luigene 

Reading 

i  Construction  under  way  1 

Albuquerque 

Minneapolis 

Amarillo 

Okla.  City 

Charleston 

Raleigh 

Cincinnati 

Salt  Lake  City 

El  Paso 

San  Antonio 

Houston 

Tulsa 

Memphis 

1  Plans  complete:  proposals  issued 

Columbus 

Long  Beach 

Detroit 

Newark 

Jackson 

South  Bend 

Jacksonville 

Willow  Run 

flCS 
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CAA  instruinsnt  landing  installation  at  Indianapolis.  Antonna  building  is  at  loit< 
in  line  with  tho  end  of  the  runway,  while  transmitters  are  in  smaller  building  at 

right  and  300  feet  away 


itored  in  the  airport  traffic  control 
tower,  so  that  the  operator  knows 
at  all  times  that  transmitters  are 
functioning  correctly. 

A  straight-line  glide  path  has 
been  developed.  It  is  generally 
agreed  that  the  straight-line  path  is 
superior  to  the  curved  path,  based 
on  hundreds  of  landings  at  Indian¬ 
apolis  by  pilots  of  CAA,  airlines, 
Army,  and  Navy. 

Distance  Indicator 

Development  work  on  the  dis¬ 
tance  indicator  and  the  low-fre¬ 
quency  omnidirectional  radio  range, 
both  basic  future  aids  to  air  naviga¬ 
tion,  has  reached  the  point  where 
CAA  considers  that  the  technique 
and  facilities  can  be  made  available 
for  use  on  continuous  flights.  How¬ 
ever,  tests  at  Indianapolis  will  con¬ 
tinue  in  order  to  improve  various 
phases  of  the  overall  system. 

The  distance-measuring  equip¬ 
ment  was  operated  successfully  as 
an  experiment  for  about  a  year  on 
212  me.  Recently,  it  has  been  neces¬ 
sary  to  shift  to  1,000  me  and  experi¬ 
mental  equipment  is  now  operating 
on  this  frequency.  A  unit  has  been 
developed  to  the  point  where  it  can 
go  into  production,  but  it  may  be 
two  years  before  it  can  be  obtained 
commercially. 

While  the  distance  indicator  can¬ 
not  be  regarded  as  true  radar,  it  is 
an  application  of  radar  principles. 
A  transmitter  in  the  plane  sends 
out  a  signal  which  triggers  another 


transmitter  at  the  airport  to  which 
the  pilot  is  flying.  The  signal  from 
this  second  transmitter  is  received 
in  the  plane  and  the  time  required 
for  the  two  signals  is  translated 
into  miles.  Thus  a  simple  instru¬ 
ment  calibrated  in  miles  tells  the 
pilot  how  far  he  is  away  from  the 
field  where  he  intends  to  land.  The 
scale  could  also  be  made  to  read  in 
yards  or  hundreds  of  yards  i€  re¬ 
quired  for  bad-weather  approaches. 
It  will  eventually  make  possible 
elimination  of  most  marker  beacons. 

Omnidirectional  Ranges 

While  tests  were  in  progress  at 
Indianapolis  on  the  vhf  radio  range, 
it  was  found  that  a  further  im¬ 
provement,  making  these  ranges 
omnidirectional,  employed  the  same 
equipment  as  the  proposed  two- 
course  aural-visual  range  and  was 
relatively  inexpensive  to  use.  There¬ 
fore,  the  vhf  program  has  now  been 
converted  to  include  only  omni¬ 
directional  ranges.  Omnidirectional 
ranges,  transmitting  on  low  fre¬ 
quencies,  are  said  to  be  superior  to 
loran  for  use  on  long  over-water 
courses  and  over  large  land  areas 
such  as  jungles  and  deserts,  where 
location  of  numerous  ranges  on  the 
ground  is  impossible.  CAA  is  in¬ 
stalling  a  station  for  service  test 
on  the  East  Coast 

Radar  Tasts 

Radar  equipment  has  been  under 
test  for  one  and  a  half  years  at 


Indianapolis  to  determine  its  adapt- 
ability  to  civilian  use.  None  of  the 
military  sets  have  met  the  need  for 
reliable  and  identifiable  signals 
from  aircraft  that  can  be  con¬ 
veniently  interpreted  for  air  traffic 
control  by  existing  control  tower 
operators,  according  to  Henry  I. 
Metz,  Acting  Chief,  Electronic  De¬ 
vices  Section,  Technical  Develop¬ 
ment  Service,  CAA.  All  of  the 
equipment  has  thus  far  required 
extra  tower  operators  in  darkened 
rooms  to  study  the  picture  pre¬ 
sented  on  the  radar  screen.  Mr. 
Metz  believes  that  radar  should  at 
present  be  regarded  as  a  monitor¬ 
ing  device,  but  adds  that  as  soon  as 
it  has  proved  itself  it  will  be  put 
into  service. 

As  an  illustration  of  the  need 
for  positive  radar  identification  of 
planes,  recently  at  Indianapolis  two 
aircraft  were  observed  on  the  oper¬ 
ator’s  screen.  The  operator,  think¬ 
ing  he  knew  which  was  which, 
ordered  one  aircraft  to  make  a  left 
turn.  After  making  the  turn,  the 
pilot  discovered  the  other  plane 
directly  in  front  of  him,  and  only 
by  expert  maneuvering  was  he  able 
to  avoid  a  collision. 

Several  radar  devices  which  are 
optional  rather  than  basic  are  beiiifr 
tested.  For  example,  the  CAA  dem¬ 
onstrated  at  Indianapolis  last  fall 
the  feasibility  of  landing  aircraft 
from  a  holding  pattern  on  the  in¬ 
strument  landing  system  at  three- 
minute  intervals.  In  all  probability, 
radar  will  be  used  first  to  monitor 
this  method  of  holding  and  landing 
aircraft  on  the  instrument  landing 
system. 


Automatic  Landings 

CAA  is  now  cooperating  with  the 
Army  in  service  testing  its  auto¬ 
matic  instrument  landing  system. 
In  this,  the  indications  of  the  cross¬ 
pointer  instrument  by  which  the 
CAA  .three-element  system  is  flown 
are  connected  to  a  standard  auto¬ 
matic  electronic  pilot,  and  the  sta¬ 
tion’s  airline-type  airplanes  are 
flown  repeatedly  to  the  point  of 
contact  with  the  ground  without 
human  touch  on  the  controls. 

The  automatic  landing  feature 
involves  the  use  of  electronic  cou¬ 
pling  devices  to  connect  the  auto¬ 
matic  pilot  with  the  instrument 
landing  system.  These  are  now 
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under  test,  but  have  not  gone  into 
production.  The  electronic  auto¬ 
pilot  is  at  present  in  production  by 
several  manufacturers. 

Anticoliision  Systems 

The  anticollision  device  is  a  dif¬ 
ficult  subject.  Technically,  no  con¬ 
venient  combination  of  lights,  dials, 
or  signals  has  given  the  pilot  a  pic¬ 
ture  of  obstacles  or  other  aircraft 
adequate  to  enable  him  to  avoid 
collision.  A  military  search  radar, 
APS-10,  has’ been  under  test  at  the 
experimental  station  but  its  pres¬ 
entation  on  a  cathode-ray  screen  is 
not  ideal  for  the  pilot.  It  is,  how¬ 
ever,  feasible  to  study  and  interpret 
signals  in  large  aircraft  where  the 
weight  of  this  apparatus,  about  125 
pounds,  plus  that  of  an  operator, 
offers  no  handicap. 

There  is  a  possible  application 
for  APS-10  equipment  in  combina¬ 
tion  with  the  vertical  separation 
indicator,  and  it  is  expected  that 
continued  development  of  the  equip¬ 
ment  and  the  technique  in  using 
this  equipment  will  bring  about  the 
desired  anticollision  features.  The 
development  of  the  stratoscope  and 
vertical  separation  indicator  was 
intended  to  provide  the  pilot  with 
information  concerning  the  exist¬ 
ence  of  other  aircraft  at  1,500  feet 
above  or  below  his  airplane  and  to 
indicate  automatically  his  elevation 
along  with  that  of  all  other  aircraft 
on  the  monitor  screen  in  the  control 
I  tower.  Its  operation  is  based  on  the 
use  of  an  aneroid  cell,  which  varies 
the  frequency  of  a  c-w  transmitter 
from  154  to  148  me  as  the  aircraft 
ascends  from  sea  level  to  10,000  ft. 
Weight  is  a  problem  here  since  the 
device  as  it  now  stands  weighs 
approximately  45  pounds. 

Panoramic  type  scanning  is  used 
on  ground  equipment  to  spread  the 
received  frequencies  on  a  cathode- 
ray  screen  in  proportion  to  the  ele¬ 
vation.  The  scanning  screen  will 
be  used  to  supplement  the  present 
method  of  stacking  planes  at  1,000- 
foot  altitude  intervals  while  the 
lowest  plane  is  cleared  to  come  in 
and  land  by  the  tower  traffic  con¬ 
troller.  It  gives  the  controller  a 
plan  picture  of  all  aircraft  within 
80  miles  of  the  airport.  The  picture 
appears  on  a  cathode-ray  tube 
screen  12  inches  in  diameter. 

As  a  result  of  this  application  of 


radar  it  is  expected  that  it  will  be 
possible  to  bring  planes  in  safely  at 
two-  and  perhaps  one-minute  inter¬ 
vals  in  place  of  the  three-minute 
intervals  achieved  with  the  CAA 
system.  In  its  present  form,  the 
screen  gives  distance  and  direction 
information ;  further  research,  it 
is  believed,  will  lead  to  a  means  of 
determining  altitude  and  identity. 

Gromid-Controlled  Approach 

Two  radar  systems  are  under 
test  at  Indianapolis.  The  Army, 
using  a  C-54  four-engine  plane  and 
a  number  of  different  pilots,  is 
making  comparative  tests  of  the 
CAA  system  and  also  the  ground- 
controlled  approach  system.  At  the 
same  time,  the  CAA  is  testing  gca 
equipment  given  it  by  the  Army 
and  Navy  and  comparing  with  its 
own,  using  planes  of  different  types. 

As  a  result  of  these  tests,  an  im¬ 
proved  search  antenna  has  been  de¬ 
veloped  which  is  not  affected  by 
rain  and  is  extremely  stable.  It 
allows  the  CAA  operator  to  observe 
airplanes  at  high  elevation  above 
the  station  as  well  as  those  at 
horizontal  distances. 

A  practical  difficulty  with  radar 
has  been  the  necessity  of  keeping 
crews  on  the  ground  to  operate  it. 
During  the  war  the  Army  often 
used  a  crew  of  16  men  with  each  in¬ 
stallation.  One  of  the  radar  equip¬ 
ments  recently  has  been  converted 
so  that  a  single  operator  can  land 
an  airplane  by  observing  the  screen 
and  talking  directly  to  the  airplane. 
However,  if  more  than  one  ship  is 
involved  in  traffic  and  landing,  more 
operators  will  be  required.  This 
would  involve  a  large  increase  of 
CAA  personnel  at  airports  for  in¬ 
strument  landings  alone.  In  addi¬ 
tion  gca  in  its  present  stage  re¬ 
quires  a  great  deal  of  maintenance. 

Economic  Considerations 

An  overall  view  of  radar  develop¬ 
ments  is  that  expressed  by  Dr. 
Harry  Diamond  of  the  Bureau  of 
Standards,  called  the  father  of 
CAA’s  instrument  landing  system: 
“Many  people  think  that  unless  ad¬ 
vances  are  brought  about  by  radar 
they  are  not  modern.  There  are 
many  excellent  methods  of  measur¬ 
ing  distance  that  do  not  involve 
pulses.  Many  radar  developments 
are  in  the  ‘gleam  in  the  eye’  stage. 


Insido  of  antenna  building,  showing  array 
reguired  to  produce  a  straight  localizer 
course.  Technical  details  of  this  system 
were  given  in  the  February  and  March 
1945  issues  of  ELECTRONICS 


We  should  study  the  various  sys¬ 
tems  but  hesitate  to  adopt  anything 
different  until  we  are  convinced 
that  it  will  give  better  perform¬ 
ance,  and  until  we  are  sure  the 
material  is  available  at  a  reason¬ 
able  price.” 

Most  private  pilots  with  small 
planes  will  use  contact  flying  for 
some  time  to  come  and  keep  out  of 
bad  weather.  Before  such  a  pilot 
could  arrive  at  a  place  equipped  for 
instrument  landing  he  would  have 
to  be  flying  in  “instrument” 
weather.  This  would  mean  that  in¬ 
struments  in  his  plane  would  cost 
about  $1,000;  also,  he  would  need 
about  $500  worth  of  training  to 
learn  how  to  use  them.  Such  ex¬ 
penses  are  out  of  the  question  for 
the  average  pilot. — G.T.M. 


electronics  —  StpHmb^r,  1946 


87 


. lUlfl _  _ _ 


Profile  of  riTer  bottom  along  1.75-miIe  stretch  of  Southwest  Pass,  near  mouth  of  Mississippi  River,  as  made  with  precision  shallow- 
water  depth  recorder.  In  oddition  to  bottom  depth,  an  experienced  operator  can  accurately  interpret  such  additional  information  as 


Echo  Depth  Sounder 


By  G.  B.  SHAW 


Engineer 

Submarine  Signal  Co. 
Hoston,  Ma$8. 


HO-  II5V 
O'C 


MOTOR 

GENERATOR 


SPEED 

GOVERNOR 


H0-I30V 

A-C 


,  55.91  TO 
63.37  CPS 


From  time  immemorial  mari¬ 
ners  have  been  plagued  with 
the  problem  of  knowing  the  exact 
depth  of  water  beneath  the  keels  of 
their  ships.  As  the  contour  of  a 
river  bed  or  the  ocean  floor  can 
change  very  abruptly  even  at  low 
ship  speeds,  the  means  for  deter¬ 
mining  this  depth  must  be  accurate, 
rapid,  and  self-indicating.  The  in¬ 
adequacy  of  early  methods  employ¬ 
ing  weights,  drag  lines,  and  other 
ingenious  devices  has  been  long 
apparent. 

Echo-sounding,  made  practical 
by  electronics,  is  a  modern  answer 
to  this  marine  problem.  It  solves 
most  of  the  difficulties  of  the  past 
and  has  some  unique  features  of  its 
own.  Foremost  among  the  latter  is 
the  ability  of  such  apparatus  to 
detect  the  presence  of  objects  be¬ 
tween  ship  and  sea-bottom.  This 
feature  has  gained  tremendous  im¬ 
portance  in  the  determination  of 
the  location  and  magnitude  of 
schools  of  flsh. 

All  echo-sounding  devices  operate 
on  the  principle  of  (1)  measuring 
the  time  interval  between  the  trans¬ 


mission  of  an  acoustical  signal  and 
its  return  as  an  echo  and  (2)  the 
conversion,  by  visual  and/or  graph¬ 
ical  means,  of  this  time  interval 
into  some  unit  of  linear  distance 
(feet,  fathoms,  or  meters). 


RECORDER  UNIT 


KEYING  I  MOTOR-DRIVEN 
CONTROL  I  O'SC  o 

I  STYLUS-..}^ 
I  CHART. 


Shallow  Depth  Sounding 


’  ECHO 
AMPLIFIER 


Although  modern  echo-sounding 
equipment  combines  essentially  the 
same  elements  as  the  1920  Sub¬ 
marine  Signal  Co.  model,  namely  a 
supersonic  signal  generator,  a 
motor-driven  pulsing  switch  and 
synchronous  registering  device,  an 
electronic  echo  amplifier,  and  either 
one  or  two  magnetostriction  trans¬ 
ducers,  the  elements  themselves 
have  undergone  radical  revisions. 
Many  of  these  design  revisions  have 
been  imposed  by  the  following  basic 
requirements  of  an  accurate  shoal- 
water  depth  sounder: 

(1)  A  means  of  accurately  meas¬ 
uring  and  permanently  recording 
the  relatively  short  time  inter¬ 
vals  encountered  in  shoal-water 
sounding,  of  the  order  of  a  few 
thousandths  of  a  second.  The  in¬ 
herent  accuracy  of  indication  is  a 
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FIG.  1 — Block  diagram  oi  precision  depth 
recorder  employing  echo-ranging  principle 


direct  function  of  the  ability  of  the 
driving  motor  to  maintain  a  speed 
of  rotation  predetermined  by  the 
velocity  of  sound  in  water.  If  a 
synchronous  a-c  motor  is  employed, 
the  maintained  accuracy  of  fre¬ 
quency  of  the  power  source  becomes 
the  determining  factor.  Accuracies 
within  0.6  to  1.0  percent  can  nor¬ 
mally  be  expected. 

(2)  Ability  of  the  apparatus  to 


_ 
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0-75  FT  SCALE 
PAPER  FEED  247 MIN. 
240  SOUNDINGS/ MIN. 
BOAT  SPEED  8  TO  9 
KNOTS 

DEPTHS  SHOWN  ARE 
FROM  SURFACE 


TRUE  BOTTOM 


Southw0st  Pass 
Tht  channel  and  channel  depths 
change  frequently.  The  controlling 
depth  al  mean  lorn  mater  trow  deep 
mater  in  the  gulf  into  the  Pass  / 
mas  35  feet.  // 


WEST 

BAY 

(SHOALS) 


EAST 

BAY 

(SHOALS) 


positions  of  salins  faces,  colloidal  slush,  second  echoes  in  shallow  water,  wrecked  ships  on  the  bottom,  and  eren  schools  of  fish.  Map 

at  right  shows  route  taken  by  ship  while  record  was  made 

Foi  Shallow  Water 

Modem  marine  accessory,  developed  originally  for  hydrographic  surveys,  plots  accurate 
profile  of  sea  bottom  on  strip  chart.  Unique  capacitor-discharge  system  in  driver  excites 
magnetostriction  transducer  to  produce  desired  21.5-kc  supersonic  signal 


prepare  itself  for  the  reception  of 
short-time  echo  signals.  Such  abil¬ 
ity  is  a  function  of  emitted  signal 
length,  echo  amplifier  recovery  time 
following  the  emitted  signal,  and 
the  Q  of  the  transducers  and  asso¬ 
ciated  circuits.  Impact  excitation 
of  a  magnetostriction  transducer  of 
relatively  high  Q  has  proven  the 
most  satisfactory  method  of  obtain¬ 
ing  very  short  signal  lengths  for 
use  in  shallow  depths,  where  the 
sustained  signal  of  a  c-w  oscillator 
is  neither  desirable  nor  necessary. 

(3)  A  high  degree  of  detail  of 
profile  of  irregular  bottoms,  which 


is  a  function  of  the  speed  of  sound¬ 
ing  and  the  signal  frequency.  This 
can  best  be  accomplished  by  the  use 
of  the  higher  supersonic  fre¬ 
quencies,  which  also  facilitates  con¬ 
centration  of  sound  energy  in  the 
desired  direction  and  greatly  mini¬ 
mizes  the  interference  from  ra,n- 
dom  lower-frequency  sounds. 

Hydrographic  Survey  Requirements 

Precision  depth  recording,  such 
as  is  needed  in  hydrographic  sur¬ 
veys,  dictates  the  use  of  a  perma¬ 
nent  graphical  recording  and  also 
requires  the  recognition  of  several 


known  variables  external  to  the 
equipment  proper.  These  variables, 
for  w’hich  compensation  must  be 
provided,  include  draft  (distance 
from  transducers  to  water  surface 
when  vessel  is  at  rest,  and  depend¬ 
ent  on  loading),  squat  (the  slight 
change  of  draft  of  a  vessel  under¬ 
way  and  w’hich  may  be  positive  or 
negative  depending  on  the  position 
of  the  transducers  along  the  hull 
and  the  loading),  tide,  water  level 
or  river  stage  with  respect  to  the 
arbitrary  datum  plane  to  which  the 
depths  are  referred,  and  variations 
in  sound  velocity  due  to  the  varia¬ 
tions  of  temperature  and  salinity 
of  the  water. 

In  the  case  of  navigation  by 
visual  indication,  the  necessary  cor¬ 
rections  in  depth  indications  result¬ 
ing  from  taking  account  of  the 


Rucordur  unit  ol  Submarine  Signal  Co. 
model  788A  precision  depth  sounder.  The 
stylus-suppordng  wheel  is  on  the  shaft  of 
an  a-c  motor  that  rotates  continuously  at  a 
speed  proportional  to  the  velocity  of  sound 
in  the  water  being  explored,  and  current 
pulses  bum  marks  in  the  chart  os  the  sty¬ 
lus  sweeps  over  it  once  in  each  revolution 
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FIG.  2 — Circuit  diogrcnn  of  ocho  ompUiior,  which  is  connectod  botw  oon  the  magnetostriction  receiTer  unit  and  the  recorder,  and  delivers 

output  pulses  strong  enough  to  bum  the  deidred  marks  on  the  recording  poper 


above  may  be,  and  usually  are, 
simple  on-the-spot  mental  calcula¬ 
tions  which  amply  fulfill  accuracy 
requirements.  Unless  accomplished 
automatically,  however,  these  cor¬ 
rections  represent  a  tremendous 
amount  of  work  and  a  potential 
source  of  error  when  a  survey 
vessel  may  be  making  up  to  75,000 
soundings  in  a  single  day  of  opera¬ 
tion. 


Precifion  Depth  Recorder 


Automatic  compensation  for  all 
of  the  previously-mentioned  vari¬ 
ables  is  incorporated  in  the  type 
788 A  depth  recorder,  specially  de¬ 
signed  to  meet  the  most  stringent 
specifications  of  the  United  States 
Army  Engineers  for  river,  lake, 
harbor,  and  channel  surveys  where 
extremely  precise  measurements 
are  required  for  accurate  chart 
making  to  insure  the  safety  of 
peacetime  navigation  and  the  suc¬ 
cess  of  wartime  landing  operations. 
The  overall  range  is  75  feet,  and 
this  range  may  be  positioned  any¬ 
where  between  3  and  250  feet,  de¬ 
pending  on  the  adjustment  of  the 
compensation  scales  at  the  time  of 
recording  and  on  the  setting  of  a 
range  selector.  Depths  less  than  3 
feet  below  the  vessel  cannot  be  sat¬ 
isfactorily  measured.  Ck)ntinuous 
direct  readings,  automatically  cor¬ 
rected  as  required,  are  obtained 
with  an  accuracy  of  plus  or  minus 
three  inches  for  minimum  depths 
up  to  50  feet,  of  plus  or  minus  six 
inches  for  depths  between  50  feet 
and  125  feet,  and  within  1  percent 


Streamlined  outboard  "fish"  used  to  support  portable  magnetostriction  units  for 
hydrographic  surrey  work,  and  one  of  the  magnetostriction  units 


for  depths  up  to  the  maximum 
range.  Calibrated  compensation 
controls  for  draft,  squat,  tide,  eleva¬ 
tion,  and  sound  velocity,  in  addi¬ 
tion  to  the  necessary  means  for 
monitoring  and  controlling  the 
operating  functions,  are  provided 
on  the  front  of  the  recorder  unit. 

Like  earlier  depth  recorders, 
depths  are  registered  as  marks  on  a 
moving  chart  paper  at  the  begin¬ 
ning  and  end  of  each  signal  epoch. 
The  record  is  made  by  a  stylus  on 
the  end  of  a  rotating  radial  arm 
which  passes  over  the  paper  at  a 
predetermined  constant  velocity 
and  marks  it  permanently  at  the 
instants  of  signal  transmission  and 
echo  reception.  Thus  an  interval 
of  peripheral  travel  of  this  stylus 
’  represents  a  given  time  interval 


and,  if  the  speed  of  rotation  and 
the  velocity  of  sound  in  water  are 
properly  related,  also  represents  a 
given  depth  as  indicated  by  a  scale 
printed  directly  on  the  paper. 

Dgtailt  of  Systom 

The  complete  precision  depth  re 
corder  system,  shown  functionally 
in  Fig.  1,  includes  a  motor-gener 
ator  source  of  power,  a  driver  for 
shock-exciting  the  magnetostriction 
transmitting  transducer  at  its  21.5 
kc  supersonic  operating  frequency 
a  magnetostriction  receiving  trans 
ducer,  an  echo  amplifier,  and  a 
recorder  unit  in  which  is  incorpor¬ 
ated  a  keying  control  for  the  driver. 
The  transducers  may  be  mounted  in 
the  hull  of  the  survey  vessel  or 
combined  for  semiportable  work  in 
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a  streamlined  housing  or  fish  car¬ 
ried  by  an  outboard  rigging.  The 
entire  equipment  operates  from  a 
110- volt  d-c  line  and  draws  about 
550  watts  of  power. 

In  operation,  the  driver  is  pulsed 
240  times  per  minute  by  cam- 
actuated  keying  contacts  operating 
from  a  shaft  rotating  in  synchro¬ 
nism  with  the  radial  stylus  arm  of 
the  recorder.  The  pulsing  rate  is 
based  on  a  sound  velocity  of  4,829 
feet  per  second  for  average  sea 
water.  A  small  portion  of  the 
emitted  signal  is  fed  into  the  echo 
amplifier  to  provide  a  zero  index 
mark  on  the  chart  from  which  echo 
depth  indications  are  measured. 
Simultaneous  movement  of  the 
paper  at  right  angles  to  the  direc¬ 
tion  of  stylus  motion  causes  succes¬ 
sive  marks  to  form  graph  lines. 

The  recorder  has  three  sets  of 
keying  contacts  arranged  through¬ 
out  the  entire  360-degree  rotation 
of  the  stylus  arm,  any  one  of  which 
can  be  selected  for  use  by  the  range 
selector  switch.  This  permits  a 
control  of  the  phasing  of  the  stylus 
position  with  respect  to  the  chart 
when  a  signal  is  emitted  into  the 
water.  As  the  stylus  actually  trav¬ 
erses  the  chart  only  during  a  por¬ 
tion  of  each  revolution,  any  one  of 
the  three  75-foot  intervals  up  to  230 
feet  may  thus  be  caused  to  appear 
wholly  on  the  chart  paper. 

Compensatiiig  Controls 

Draft  (and  squat)  compensation 
correction  is  provided  up  to  15  feet, 
while  tide  compensation  corrections 
up  to  25  feet  above  mean  low  water 
can  be  made.  Also,  elevation  correc¬ 
tions  up  to  75  feet  are  provided,  for 
use  in  localities  where  the  water 
level  is  referred  to  a  lower  datum 
plane.  These  compensations  are  ac¬ 
complished  by  varying,  throughout 
a  limited  range,  the  position  of  the 
recorder  stylus  with  respect  to  the 
chart  at  the  time  sound  is  trans¬ 
mitted  to  the  water.  -Physically 
these  compensating  adjustments 
are  obtained  by  a  slight  relative  mo¬ 
tion  of  the  keying  contact  carriage 
and  •  the  driving  cam  shaft,  in  a 
manner  similar  to  that  employed 
in  the  ignition  timing  mechanisms 
of  an  internal  combustion  engine. 
Once  the  graduated  compensation 
scales  have  been  set  for  given  con¬ 
ditions,  these  adjustments  need  not 
be  revised  unless  controlling  factors 


are  altered  sufficiently  to  introduce 
unacceptable  errors. 

Corrections  of  sound  velocity  due 
to  the  variation  of  water  temper¬ 
ature  and  salinity  are  made  by  a 
control  that  adjusts  the  centrifu- 
gally-governed  speed  and  conse¬ 
quently  the  output  frequency  of  the 
a-c  generator  providing  power  for 
the  recorder  motor.  In  this  manner 
the  speed  of  the  latter  may  be  var¬ 
ied  throughout  a  range  correspond¬ 
ing  to  sound  velocities  of  4,500  to 
5,100  feet  per  second.  The  sound 
velocity  corresponding  to  any  motor 
speed  is  indicated  by  a  large  front- 
panel  sound-velocity  meter,  which 
in  reality  is  a  recalibrated  fre¬ 
quency  meter.  This  correction  may 
be  made,  while  running,  to  any 
known  value  of  velocity  and  main¬ 
tained  at  that  value  by  reference  to 
the  index  pointer  on  the  meter. 

Compensation  for  salinity  and 
temperature  can  be  effected  without 
direct  knowledge  of  or  measure¬ 
ment  of  these  variables  by  lowering 
a  metal  bar  in  a  horizontal  position 
at  a  known  depth  beneath  the  trans¬ 
ducers,  the  bar  acting  as  a  false 
bottom  to  produce  an  echo.  Controls 
can  then  be  set  so  that  the  recorded 
and  actual  values  of  depth  agree. 

Carbonized  Dry  Paper  Used 

The  depth  record  appears  upon  a 
black-bodied  carbonized  dry  paper 
whose  surface  is  coated  with  a  spe¬ 
cial  light-colored  composition  which 
disintegrates  upon  passage  of  elec¬ 
tric  current  through  it,  exposing  a 
black  background  at  that  point.  In 
operation,  a  voltage  of  the  order  of 
several  hundred  volts  is  obtained 
from  the  echo  amplifier  and  applied 
between  the  rotating  stylus  and  a 
conductive  platen  behind  the  paper. 
The  intensity  of  the  record  is  nearly 
proportional  to  this  applied  voltage 
and,  exclusive  of  any  limiting  or  avc 
action  in  the  amplifier,  is  therefore 
proportional  to  echo  intensity.  The 
record  is  visible  through  an  obser¬ 
vation  window  as  it  is  being  made, 
and  pertinent  data  can  be  added  di¬ 
rectly  by  pencil  or  in  ink. 

A  75-foot  roll  of  paper  will  last 
for  from  2.9  to  11.7  hours  of  con¬ 
tinuous  scanning,  and  is  adjustable 
in  four  steps  according  to  the  de¬ 
gree  of  detail  required  in  the  rec¬ 
ord.  The  recording  width  is  6.25 
inches.  A  warning  lamp  and  a 
buzzer  are  actuated  when  only  two 


feet  of  chart  paper  remain  for  use. 
Color  and  dimensional  changes  in 
the  paper  are  less  than  one  percent 
even  under  conditions  of  excess 
heat  or  humidity. 

Echo  Amplifiers 

The  echo  amplifier  is  a  conven¬ 
tional  three-stage,  single-channel 
unit  with  .self-contained  power  sup¬ 
ply,  as  shown  in  Fig.  2.  The  first 
two  stages  are  semifixed-tuned  im¬ 
pedance-coupled  at  the  signal  fre¬ 
quency  of  21.5  kc,  and  resistance- 
coupled  to  the  third.  The  gain  or 
sensitivity  control  varies  the  gain 
of  the  first  stage  by  adjusting  the 
control  grid  bias  voltage  thereof 
and  is  essentially  linear  and  contin¬ 
uous  to  100  percent  gain.  The  in¬ 
put  impedance  is  approximately  15 
ohms;  the  output  impedance  to  the 
stylus  is  of  the  order  of  100,000 
ohms  when  no  signal  is  being  re¬ 
corded  and  drops  to  a  few  ohms  un¬ 
der  marking  conditions.  A  chart 
density  control  is  provided  as  shown 
to  permit  optimum  density  of  mark¬ 
ing  under  all  conditions  and  to  pre¬ 
vent  excessive  burning  under 
strong-signal  conditions. 

The  first  stage  ( 6AC7)  is  oper¬ 
ated  as  a  class  A  pentode  amplifier 
with  medium-negative  bias  voltage; 
the  second  stage  (6SH7)  is  essen¬ 
tially  a  zero-bias  amplifier,  there 
being  no  fixed  grid  bias  voltage. 
The  operating  bias  voltage  is  ob¬ 
tained  from  the  preceding  stage 
output  signal,  applied  across  the 
grid  resistor  and  affording  some 
limiting  action.  The  third  stage 
(6Y6G)  is  a  power-type  pentode 
operating  at  a  point  as  close  to  cut- 


DriTer  unit  with  cover  removed,  showing 
special  gaseous  trigger  tube  in  lower  right 
corner 
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off  as  the  cathode  resistor  method 
of  obtaining  bias  voltage  will  per¬ 
mit.  On  positive  peaks  of  ampli¬ 
fied  signal  voltage  from  the  pre¬ 
ceding  6SH7,  large  pulses  of  d-c 
plate  current  are  caused  to  flow  in 
the  6Y6G.  Such  rapid  changes  in 
magnetic  flux  lines  in  the  output 
transformer  produce  the  relatively 
high  voltage  (180  volts)  necessary 
to  produce  disintegration  of  the 
paper  coating  beneath  the  stylus. 

At  the  operating  frequency  of 
21.5  kc  an  input  voltage  of  2  micro¬ 
volts  is  necessary  to  mark  the  paper 
when  the  amplifier  gain  is  set  at  100 
percent.  Under  those  conditions  the 
bandwidth  is  2  kc  at  the  usual  3  db 
down  reference  point.  The  ampli¬ 
fier  is  designed  to  match  the  Q  of 
the  transducer,  which  is  approxi¬ 
mately  10.  Higher  degrees  of  sensi¬ 
tivity  and  selectivity  are  normally 
not  required  in  depth  sounding. 

The  ocean  floor  is  an  extensive 
reflector  and  strong  echo-signal 
levels  are  usually  available.  Under 
these  conditions  the  input  signal  is 
relatively  broad  and  optimum  effi¬ 
ciency  requirements  dictate  a  com¬ 
promise  as  to  sensitivity  and  selec¬ 
tivity  to  a  degree  consistent  with 
the  maintenance  of  an  acceptable 
signal-random  noise  ratio. 

0)ntrary  to  general  belief,  feed¬ 
back  and  regeneration  conditions 
can  occur  at  supersonic  frequencies 
unless  the  usual  rules  of  design  are 
adhered  to.  Consequently,  the 
foundation  chassis  of  this  unit  is 
made  as  one  complex  aluminum 
casting,  giving  excellent  shielding. 

Tke  Driver 

The  schematic  diagram  of  this 
unit,  in  Fig.  3,  shows  it  to  be  some¬ 
what  unconventional.  Capacitor  Ci 
is  normally  charged  to  a  medium- 
high  potential  by  a  winding  of  the 
power  transformer,  the  circuit  be¬ 
ing  completed  through  the  84  recti¬ 
fier,  the  primary  of  the  ignition 
transformer,  and  current-limiting 
resistor  Ru  Simultaneously,  ca¬ 
pacitor  C,  is  normally  charged  to  a 
very  high  potential  (approximately 
1,600  volts)  by  another  power  trans¬ 
former  winding  through  the  866A 
rectifier,  the  transmitting  trans¬ 
ducer,  and  current-limiting  resistor 
Rt.  Closing  any  set  of  keying  con¬ 
tacts  in  the  recorder  unit  permits 
Cl  to  discharge  through  the  primary 
of  the  ignition  transformer  without 


capacitors  Ci  and  C>  Discharge  of  Ci  hj  keying  contacts  ionizes  trigger  tube,  allow¬ 
ing  Cl  to  discharge  through  magnetostriction  unit  and  shock-excite  it  into  vibration  at 
its  mechanical  resonant  frequency  of  21.S  kc  to  produce  the  desired  supersonic  signal 


benefit  of  a  current-limiting  re¬ 
sistor.  The  high  surge  of  current 
through  this  winding  induces  a  very 
high  potential  between  external 
plate  A  of  the  gaseous  trigger  tube 
and  ground.  As  this  tube  has  the 
potential  of  C,  across  its  terminals, 
it  is  instantly  ionized,  allowing  C, 
to  discharge  through  the  coils  of 
the  transducer  without  benefit  of  a 
series  current-limiting  resistor. 
This  pulse  of  current,  with  an  in¬ 
stantaneous  maximum  value  ap¬ 
proaching  200  amperes,  causes  the 
magnetostriction  elements  to  vi¬ 
brate  at  their  mechanical  resonant 
frequency  of  21.5  kc  and  so  produce 
an  acoustical  signal  in  the  water. 

Opening  of  the  keying  contacts 
allows  the  two  capacitors  to  re¬ 
charge  at  low  rates  in  preparation 
for  the  next  cycle  of  the  same  oper¬ 
ation.  The  special  U-shaped  argon- 
filled  trigger  tube  serves  essentially 
as  a  relay  between  the  keying  con¬ 
tacts  and  the  transducer,  providing 
the  necessary  control  of  the  large 
current  required  to  excite  the  trans¬ 
ducer.  A  portion  of  the  transmitted 
signal  is  taken  from  the  circuit  for 
zero  index  timing  in  the  recorder 
unit.  High  voltage  is  available  at 
another  terminal  for  use  with  the 
Fix  Marker  switch  for  spotting 
points  on  the  chart. 

The  transmitting  and  receiving 
transducers  are  identical,  each  con¬ 
sisting  of  a  5-inch  diameter,  21.5-kc 
magnetostrictive  element,  im¬ 
mersed  in  oil  and  mounted  in  a  cast 
circular  case  with  a  polished  dia¬ 
phragm.  They  are  attached  through 


the  ship’s  hull,  as  parallel  to  the  sur¬ 
face  of  the  water  as  possible  by 
means  of  fairing,  with  through- 
bolts  or  by  brazing  or  welding.  To 
minimize  errors  in  indicated  depth 
they  should  not  be  more  than  three 
feet  apart,  as  depth  is  measured  by 
the  elapsed  time  for  a  round  trip 
of  the  signal.  The  extra  distance 
added  by  the  angle  between  the 
units  can  appreciably  lengthen  the 
signal  path  in  shoal  w’aters.  Roll¬ 
ing  does  not  introduce  serious  er¬ 
rors  since  the  total  signal  path  is 
maintained  relatively  constant  if 
the  two  units  are  mounted  sym¬ 
metrically  on  either  side  of  the  keel. 

For  semiportable  work  both  ele¬ 
ments  are  mounted  in  a  free-flood¬ 
ing,  streamlined  mahogany  fish  that 
is  towed  along  by  an  outboard  rig¬ 
ging  specifically  designed  for  each 
application. 

Mofer-Gwnerotor 

This  unit  operates  from  a  110- 
volt  d-c  ship’s  supply  line  and  fur¬ 
nishes  110-120- volt  a-c  power  at  55.9 
to  63.4  cycles  to  the  other  units. 
Except  for  the  special  remotely-con¬ 
trolled  speed  governor,  it  is  quite 
conventional.  A  standard  centrif¬ 
ugal  governor  is  so  modified  that 
its  control  contacts  and  setting  may 
be  altered  by  the  operation  of  a 
small  reversible  motor  under  the 
control  of  a  switch  on  the  recorder 
unit,  to  provide  correction  for 
sound  velocity.  Limit  switches  in 
the  governor  prevent  excessive 
travel  of  this  adjusting  motor  in 
either  direction. 
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Front  Tiew  showing  tone  generator  out  oi 
its  cabinet.  Pushbuttons  turn  indlTidual 
lamps  on  and  off.  while  rheostats  below 
permit  changing  brilliancy  of  any  lamp  to 
Tory  the  omplitude  of  the  corresponding 
harmonic 


Anderson,  Indiana 


Precisely  drawn  patterns  rotated  through  ten  light  beams 
directed  onto  a  phototube  generate  a  fundamental  and  nine 
harmonics.  These  may  be  combined  in  any  desired  manner 
for  aural  and  oscilloscope  observation  in  connection  with 
design  of  electronic  musical  instruments 


IN  connection  with  research  into  tions  are  amplified  and  fed  to' a  loud- 
the  subject  of  electronic  musical  speaker  and  the  deflecting  plates  of 
instruments,  it  became  necessary  to  an  oscilloscope.  A  disc  carrying  the 
generate  a  fundamental  audio  fre-  tone  pattern  (in  this  case  a  sheet  of 
quency,  vary  that  frequency  through  positive  photographic  film)  is  ro- 
the  entire  audible  range,  and  intro-  tated  by  a  variable-speed  motor  in 
duce  certain  wanted  harmonics  in  front  of  a  series  of  Mazda  112  (TL-3) 
varying  proportions  while  eliminat-  1.1-volt  pink-bead  flashlight  bulbs,  as 
ing  all  unwanted  harmonics.  indicated  in  Fig.  2.  There  are  ten  of 

In  its  present  form,  the  instru-  these  bulbs  mounted  in  two  rows  in 
ment  has  answered  a  lot  of  questions  holes  punched  in  a  zinc  plate, 
concerning  what  and  why  is  music.  Since  there  was  not  room  to  use 
It  has  proved  several  points  that  are  any  existing  type  of  socket,  the  bulbs 
often  debated  pro  and  con,  and  it  were  fastened  in  place  in  the  punched 
now  appears  that  an  entirely  new  holes  with  Duco  cement,  and  wiring 
musical  instrument  may  be  forth-  connections  were  soldered  directly  to 
coming  as  a  result  of  these  observa-  the  bases.  These  bulbs  are  mounted 
tions  and  experiments.  sufficiently  close  to  the  tone  wheel 

so  that  each  bulb  illuminates  a  space 
CoNstTHctien  DetoiU  equal  to  the  width  of  one  set  of  tone 

The  basic  principles  of  operation  patterns  without  overlapping, 
are  simple  and  well  known.  A  beam  It  was  found  through  experiment 
of  light  shining  through  the  rotat-  that  it  was  possible  to  eliminate  all 
ing  tone  wheel  of  Fig.  1  falls  on  a  other  shutter  arrangements  by  using 
phototube  and  the  resulting  pulsa-  these  particular  flashlight  bulbs 


FIG.  1 — Reproduction  oi  lone  wheel 
proTiding  a  fundamental  and  2nd.  3rd. 
4th.  5th.  6th.  8th.  10th.  12th  and  16th 
harmonic!.  Only  half  of  each  sine- 
ware  cycle  is  required  because  the 
reflected  half  of  the  pattern  closely  re¬ 
sembles  the  other  holf 


spaced  close  together  and  focused  di¬ 
rectly  on  the  phototube  through  the 
tone  wheel.  Spacing  between  the 
bulbs  and  the  tone  wheel  is  about 
J  inch  but  this  spacing  may  vary  as 
much  as  tV  inch  either  way  without 
affecting  the  performance.  A  four- 
ohm  rheostat  is  connected  in  series 
with  each  bulb  and  a  dry  cell  used  as 
a  common  source  of  filament  power. 

A  pushbutton  switch  unit  permits 
turning  on  bulbs  individually  or  in 
any’  combination.  This  feature  al¬ 
lows  harmonics  to  be  blended  with 
the  fundamental  in  an  infinite  va¬ 
riety  of  combinations.  Speed  control 
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Reor  view  showing  tone  wheel  and  its  driving  motor,  with  the  ten  tiny  proiection 
lamps  mounted  on  the  bracket  iust  behind  the  tone  wheel 


is  by  means  of  a  rheostat  and  also  by 
means  of  a  movable  brush  built  into 
the  variable-speed  motor  that  was 
originally  designed  for  a  16-mm  mo¬ 
tion  picture  projector. 


The  Amplifier 


The  amplifier  is  of  conventional 
design,  with  care  being  taken  to 
eliminate  hum  and  secure  a  reason¬ 
ably  good  undistorted  frequency  re¬ 
sponse  with  a  usable  output  of  two  or 
three  watts.  The  phototube  was 
mounted  on  rubber  to  limit  transfer 
of  mechanical  vibration. 

A  wood  case  was  made  to  cover 
the  entire  analyzer  when  in  use,  and 
was  painted  black  on  the  inside  to 
minimize  reflections.  It  was  found, 
however,  that  the  case  is  really 
needed  only  when  working  with  arti¬ 
ficial  light,  which  will  introduce  a 
hum  from  the  60-cycle  power  lines. 


of  white  casein  (water)  wall  paint. 
Oil  paint  was  found  to  be  unsatis¬ 
factory.  Guide  lines  were  carefully 
drawn  in  lightly  with  pencil,  and  the 
pattern  was  made  up  by  cementing 
on  pieces  of  black  paper  cut  to  the 
exact  shape  wanted. 

The  form  of  these  wave  patterns 
was  calculated  to  reproduce  a  sine 
wave,  and  the  waveform  is  very 
nearly  true  when  viewed  on  the 
screen  of  the  oscilloscope.  The  inner¬ 
most  pattern  is  slightly  distorted 
owing  to  the  slow  speed  at  which  it 
runs  and  possibly  to  the  fact  that 
there  are  only  three  waveforms  and 
spacing  may  be  off  slightly.  The  same 
thing  is  true  of  the  outer  pattern 
or  16th  harmonic.  To  cut  out  all  the 
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Th«  Tone  Wb««l 


The  heart  of  the  instrument  is,  of 
course,  the  tone  wheel.  Numerous 
trials  resulted  in  the  following 
process  for  constructing  a  satis¬ 
factory  tone  wheel:  The  wheel  was 
laid  out  on  a  sheet  of  wallboard  four 
feet  square,  then  reduced  photo¬ 
graphically  to  a  disc  8  inches  in 
diameter.  The  type  of  wallboard 
having  a  pasteboard  surface  was 
found  most  suitable  for  this  purpose. 
Plywood  was  unsatisfactory,  owing 
to  variations  in  grain.  The  surface 
was  prepared  by  giving  it  two  coats 


LIGHT  BEAMS  .  A 
TO 


black  paper  patterns  of  the  wave¬ 
forms,  a  master  pattern  for  each  size 
was  made  from  metal  and  used  as  a 
template.  Any  number  of  tone  wheels 
can  be  made,  with  even  or  odd 
harmonic  rings  as  desired. 

Other  methods  of  making  the  tone 
wheel  were  tried,  but  the  one  de¬ 
scribed  gave  the  only  usable  results. 
Use  of  the  black  paper  cut-outs  for 
each  waveform  was  found  to  save  a 
lot  of  time  and  trouble.  Painting  or 
inking  such  a  large  drawing  is  really 
a  major  undertaking  and  the  final 
results  were  found  to  be  unsatis¬ 
factory  because  it  was  impossible  to 
obtain  the  uniform  clean-cut  effect 
necessary.  Work  on  the  large  master 
pattern  must  be  carefully  done,  the 
spacing  of  each  waveform  being  par¬ 
ticularly  important.  Irregular  spac¬ 
ing  will  produce  noise  instead  of  a 
musical  note. 

An  ordinary  camera  was  found  to 
be  unsuitable  for  making  the  nega 
tive  from  which  the  positive  film  is 
made.  A  photo-engraving  camera 
was  the  answer  to  the  problems  of 
distortion  encountered  with  an  ordi 
nary  8  x  10-inch  view  camera.  Both 
negative  and  positive  should  be  made 
with  process  film,  and  extreme  care 
must  be  used  to  prevent  distortion  in 
development  and  drying  of  the  film. 
Distortion  can  be  partially  corrected 
by  stretching  the  film  in  the  opposite 
direction.  This  can  be  accomplished 
by  supporting  the  film  with  clamps 
along  two  edges  and  hanging  up  to 
dry  with  enough  weight  to  produce 
the  desired  effect. 

Any  defect,  pinhole,  scratch  or 
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FIG.  2 — Circuit  diagram  of  photoelectric  tone  generator.  A  conventional  power  pack 
using  a  type  80  tube  as  full-wove  rectifier  with  speaker-field  choke  and  two  8-Mi. 
450-volt  electrolytics  is  adequate.  A  separate  filament  winding  serves  the  output 
stage,  with  a  7S0-ohm  resistor  in  the  center-tap  lead  for  bias 
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jther  blemish  will  cause  an  error  in 
he  final  reproduction.  A  final  check 
ivith  a  pair  of  dividers  will  indicate 
jistortion  and  any  measurable  varia- 
ions  will  show  up  in  the  final  results, 
•rints  made  on  paper  invariably 
;how  so  much  distortion  due  to 
;tretching  of  the  paper  as  to  be 
worthless  for  other  than  illustrative 
purposes. 

Either  the  positive  or  the  negative 
may  be  used  as  a  tone  wheel.  Results 
are  superior  when  the  positive  is 
used.  This  is  probably  because  more 
light  reaches  the  phototube.  Speed 
of  rotation  tends  to  keep  the  film  flat 
enough  so  no  transparent  backing  is 
needed.  Glass  dry-plates  in  the  8  x 
10-inch  size  would  be  satisfactory  ex¬ 
cept  for  the  difficulty  of  cutting  a 
hole  in  the  center  and  trimming  the 
outside  to  a  circular  shape. 

The  tone  wheel  is  a  one-sided  af¬ 
fair  as  half  of  each  sine-wave  pat¬ 
tern  is  missing.  It  would  be  possible 
to  construct  a  push-pull  arrangement 
with  the  920  twin  phototube  and  a 
tone  wheel  having  both  sides  of  the 
wave  pattern,  and  thus  secure  a  more 
uniform  response,  but  since  only  the 
upper  half  of  the  pattern  is  viewed 
on  the  oscilloscope  screen  the  con¬ 
struction  of  such  a  tone  wheel  did 
not  seem  to  be  either  necessary  or 
desirable.  Actually,  the  result  devi¬ 
ates  only  slightly  from  a  true  sine 
wave  because  the  reflected  half  of  the 
pattern  closely  resembles  the  other 
half. 

Uses  for  Tone  Gonerator 


A  typical  problem  for  analysis  con¬ 
cerns  the  reproduction  of  a  pleasing 
musical  note  such  as  a  note  of  a  pipe 
organ.  A  single  note  or  group  of 
notes  on  the  organ  may  be  recorded 
on  a  phonograph  disc  for  future 
study  or  picked  up  with  a  microphone 
for  immediate  observation  through 
the  oscilloscope.  The  next  step  in  the 
process  is  to  adjust  the  output  of  the 
tone  generator  to  simulate  the  same 
musical  result  obtained  by  playing 
the  musical  instrument  under  ob¬ 
servation.  By  comparison,  little  dif¬ 
ferences  which  add  or  detract  much 
from  the  final  tone  picture  can  be  dis¬ 
covered. 

Obviously,  this  type  of  analysis 
applies  only  to  instruments  produc¬ 
ing  sine  waves.  However,  we  may 
observe  any  complex  waveform  on 
the  screen  of  the  oscilloscope,  and 


then  transfer  a  similar  pattern  to  a 
special  tone  wheel  for  reproduction 
and  analysis.  Changes  in  the  tone 
can  be  made  when  the  patterns  are 
laid  out  on  the  drafting  board,  either 
to  eliminate  distortion  or  to  create 
new  effects.  The  number  of  effects 
possible  is  endless. 

A  study  of  the  qualities  of  a  pleas¬ 
ing  musical  note  is  especially  inter¬ 
esting.  Certain  imperfections  give 
music  its  pleasing  qualities,  and  pre¬ 
vent  its  sounding  purely  mechanical. 
Many  electronic  musical  instruments 
are  not  overly  pleasing  to  the  ear  be¬ 
cause  the  music  they  make  is  too 
nearly  perfect,  and  the  tone  qualities 
created  by  the  little  differences  and 
variations  or  distortions  present  in 
other  instruments  is  lacking.  The 
principles  involved  in  the  tone  gen¬ 
erator  may  be  applied  to  a  study  of 
these  qualities  that  mean  the  differ- 


on  the  drawing  board,  and  then  turn 
those  black  and  white  patterns  into  a 
tone  wheel  that  will  reproduce  a 
musical  note  with  new  timbre. 

With  the  tone  wheel  revolving  at 
any  given  speed,  the  frequency  of 
any  note  being  reproduced  may  be 
checked  by  comparison  with  a  cali¬ 
brated  audio  oscillator  or  tuning 
fork.  Harmonics  may  be  added  or 
removed  at  will  by  turning  on  lights 
and  adjusting  the  rheostats  to  give 
the  required  effect.  To  prevent  line 
voltages  from  causing  speed  varia¬ 
tions  of  the  driving  motor,  some 
form  of  voltage-regulating  trans¬ 
former  is  desirable. 

CoaclatioM 

It  is  hoped  that  this  discussion  of 
the  tone  generator  will  bring  forth 
comments  and  discussions  from 
others  interested  in  the  fields  of 


Photoelectric  tone  generator  in  its  cabinet,  with  oscilloscope  and  loudspeaker  at  left 


ence  between  pleasing  music  and 
mechanical  music. 

It  is  possible  to  simulate  the  tones 
of  most  string  and  wind  instruments 
to  a  surprising  degree,  by  observing 
their  waveforms  on  the  oscilloscope 
and  using  this  observation  for  mak¬ 
ing  up  a  waveform  for  a  tone  wheel. 
As  a  matter  of  fact,  we  need  not  con¬ 
fine  ourselves  to  musical  tones.  Vari¬ 
ous  noises,  vowel  sounds,  spoken 
words,  etc,  may  be  used  as  a  basis 
for  our  waveform  pattern. 

Actually,  it  is  not  even  necessary 
to  observe  a  tone  pattern  on  the 
screen  of  the  oscilloscope.  The  en¬ 
tire  result  may  be  calculated  mathe¬ 
matically  and  the  tone  wheel  con¬ 
structed  on  that  basis.  It  is 
fascinating  to  lay  out  a  musical  tone 


recorded  music,  electronic  musical 
instruments,  and  music  in  general. 
It  may  be  that  somewhere  in  the  not- 
too-distant  future  we  may  have 
music  written  and  produced  like 
cartoon  movies — on  a  drafting  board. 
It  can  be  done. 

The  author  is  indebted  to  Rollin 
E.  Campbell,  Forse  Corporation  engi¬ 
neer  and  to  Kenneth  James  for  the 
contribution  of  many  helpful  sug¬ 
gestions  in  connection  with  the  de¬ 
velopment  and  construction  of  the 
harmonic  tone  analyzer. 
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Recorder-Controllei 

FOR  TEMPERATURE 


An  electronically  actuated  temperature  and  humidity  printing  recorder  that  also  con¬ 
trols  dehumidifying  equipment  on  the  basis  of  averaged  measurements  from  eight  stations. 

Accuracy  is  essentially  unaffected  hy  tube  aging 


Central  stotion  r*cord*r  with  th*  tape  printer  tilted  forward  for  accees 


The  cost  of  combating  corrosion 
represents  a  national  outlay  of 
many  millions  of  dollars  a  year. 
Corrosive  agents  existing  in  ail 
atmospheres  are  water  vapor,  oxy¬ 
gen,  and  carbon  dioxide. 

The  most  variable  constituent  is 
moisture,  being  of  such  a  low  value 
in  dry  climates  as  not  to  support 
corrosion  at  all.  While  there  are 
many  other  important  types  of  de¬ 
structive  agents,  such  as  chlorine 
and  sulphur  compounds,  molds  and 
bacteria,  oxidation  is  probably  the 
most  important.  However,  the  re¬ 
sults  of  scientific  investigation 
show  conclusively  that  at  ordinary 
temperatures  practically  all  types 
of  corrosive  deterioration  cease  if 
the  relative  humidity  is  maintained 
below  30  percent. 

At  the  suggestion  of  the  Bureau 
of  Ships,  U.  S.  Navy,  a  thorough 
investigation  was  made  of  the  fac¬ 
tors  involved  in  the  storage  of  naval 
vessels.  The  result  of  this  study 
was  the  development  of  an  elec¬ 
tronic  recorder-controller  actuated 
by  eight  remote  measuring  sta¬ 
tions.  The  equipment  has  also  been 
found  useful  in  controlling  factors 
affecting  human  comfort  and  in 
manufacturing  processes. 

Recorder  Limits 

The  controller-recorder  equip¬ 
ment  consists  of  the  central  unit 
illustrated  and  eight  'measuring 
stations.  Connections  between  the 
central  unit  and  each  station  re¬ 
quire  five  unshielded  conductors. 
The  eight  measuring  stations  are 
scanned  every  fifteen  minutes.  The 
record  is  printed  as  shown  on 
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Remote  meaaiiring  station,  showing  the  two  ceramic  resistors  and  the  ireely  moTing 
humidity  element.  The  scale  at  the  left  is  attached  to  the  clomp  that  lowers  at  the 

moment  of  measurement 


standard  adding  machine  paper 
and  includes  the  measuring  station 
identification  number,  temperature 
from  0  to  120  F,  relative  humidity 
10  to  90  percent,  and  time  of  meas¬ 
urement,  00  to  24  hours.  The  con¬ 
troller  mechanism  operates  on  the 
average  of  the  indications  of  the 
eight  stations,  and  may  be  set  to 
operate  at  any  point  between  25 
and  55  percent  relative  humidity 
with  an  adjustable  differential  of 
from  2  to  10  percent. 

Remote  Stations 

Each  measuring  station  is  pro¬ 
vided  with  two  human-hair  humid¬ 
ity-responsive  elements.  Mech¬ 
anism  has  been  designed  to  present 
the  least  possible  mechanical  load 
to  the  hair  elements.  Since  the  hair 
changes  length  with  changes  in 
humidity,  it  is  subject  to  the  same 
laws  as  other  null  point  indicators, 
and  it  follows  that  the  point  of 
equilibrium  for  highest  accuracy  is 
coincident  with  a  point  of  zero  me¬ 
chanical  force.  Useful  control,  by 
means  of  the  carefully-balanced 


low-friction  mechanism,  is  made 
possible  by  an  electrically  operated 
mechanical  clamping  device.  When 


measurement  is  made  the  clamping 
device  illustrated  causes  the  bal¬ 
anced  pointer  to  make  contact  with 
a  strip  resistor.  The  value  of  resist¬ 
ance  present  in  the  circuit  at  the 
time  of  clamping  controls  the  volt¬ 
age  in  the  humidity  bridge  circuit 
at  the  central  recorder,  permitting 
the  continuously-rotating  printing 
wheel  potentiometer  system  to  pass 
through  a  null  point  balance.  At 
balance  the  percent  humidity  is 
printed  on  a  paper  strip.  Immedi¬ 
ately  following  the  humidity  meas¬ 
urement  for  the  particular  station, 
the  electrical  clamping  device  at 
that  station  is  released. 

Temperature  indications  are  ob¬ 
tained  by  means  of  a  special  ceramic 
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-Simplifiwd  wiring  diagram  of  the  recorder,  showing  the  interconnection  of  the 
remote  temperature  and  humidity  station  elements 
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biased  to  cutoff.  As  V,  pulses  it 
closes  relay  Kr,  thereby  energizing 
printing  bar  relay  X,  or  K„  and 
thus  the  figure  on  the  printing 
wheel  corresponding  with  the  posi- 
tion  of  the  potentiometer  arm  D^  is 
printed  on  the  record  paper.  The 
mechanical  arrangement  is  shown 
in  Fig.  2. 

After  passing  the  balance  point, 
the  grid  of  continues  to  receive 
signal  voltage.  Since  this  tube  re¬ 
mains  conducting  after  the  very 
first  signals  reach  its  grid,  further 
signals  have  no  effect  unless  they 
drive  the  grid  too  far  negative, 
which  might  extinguish  the  tube. 
To  prevent  extinction,  the  diode 
Vti  is  connected  across  the  grid  to 
limit  the  negative  signal  peaks. 

When  potentiometer  arm  Z), 
reaches  position  Dj,  the  end  of  the 
potentiometer  winding,  all  switch¬ 
ing  is  performed  in  the  recorder, 
such  as  selecting  the  next  measur¬ 
ing  station  and  changing  from 
humidity  to  temperature  circuits. 
Since  F.  is  still  conducting,  tran¬ 
sients  which  might  occur  during 
switching  are  without  effect,  thus 
eliminating  any  possibility  of 
spurious  printing. 
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FIG.  2 — Sk«tch  of  the  printing  mechanism  in  the  electronic  recorder,  showing  how 
the  paper  is  fed  between  the  printing  wheels  and  the  tapper  bars 


resistor  that  has  a  negative  tem¬ 
perature-resistance  characteristic. 
The  resistance  varies  in  the  order 
of  4  percent  per  degree  Centigrade. 
A  suitable  pair  of  such  resistors 
located  in  the  measuring  station 
permits  temperature  measurements 
to  be  made  by  the  same  method  as 
that  used  in  making  the  humidity 
measurements.  The  electronic  unit 
utilizes  nine  vacuum  tubes  includ¬ 
ing  rectifiers  and  voltage  regulat¬ 
ors.  The  plate  supply  is  regulated 
by  a  VR150  and  a  VR105,  the  latter 
being  used  to  decouple  the  effects 
of  the  load  produced  by  the  clamp¬ 
ing  relay  in  the  measuring  station. 


(the  high-voltage  end),  to  point  Z), 
(the  low- voltage  end),  balance  is 
obtained  at  some  point  in  the  arc, 
depending  on  the  voltage  that  the 
measuring  station  happens  to  be 
transmitting.  As  the  arm  passes 
through  voltage  balance,  the  neg¬ 
ative  half-cycles  of  the  injected 
voltage  pass  through  producing 
a  voltage  drop  across  R«.  The  con¬ 
tact  potential  and  initial  velocity  of 
emission  of  the  Vi,  about  0.75  volt, 
is  corrected  fer  in  the  initial  cali¬ 
bration.  Rough  calibration  is  ob¬ 
tained  by  rotating  the  potentiom¬ 
eter  or  Rs  on  its  mounting,  to 
coincide  with  the  proper  figures  on 
the  appropriate  printing  wheel. 
Variable  resistors  in  series  with 
each  potentiometer  serve  for  fine 
calibration  purposes.  The  voltage 
across  the  bridge  is  approximately 
48  volts  d-c. 

At  balance  the  signal  across  R«  is 
amplified  by  V,.  This  amplified  sig¬ 
nal  at  the  plate  of  the  tube  V,  is  180 
degrees  out  of  phase  with  the  input 
signal,  and  therefore,  appears  as 
positive  half -cycle  pulses  at  the 
grid  of  V4.  This  tube  and  V#  are 
type  2050  gas  discharge  tubes  con¬ 
nected  in  a  modified  Eccles-Jordan 
trigger  circuit  with  the  grids  biased 
to  cutoff  so  that  only  one  tube  is 
conducting  at  any  time.  Prior  to 
passage  of  the  bridge  through  volt¬ 
age  balance,  tube  V,  is  in  the  con¬ 
ducting  state  so  that  the  amplified 
signal  from  will  cause  tube  V^  to 
conduct.  When  F*  becomes  con¬ 
ducting  the  drop  across  R,  triggers 
V„,  which  is  a  relaxation  oscillator 


ReteHing  Cireait 

After  all  switching  has  been  com¬ 
pleted,  potentiometer  arm  D,  con¬ 
tacts  point  Z>,  which  is  at  4-150 
volts  and  current  flows  through 
F**,  whose  cathode  is  biased  to 
4-100  volts.  Thus  50  volts  appears 
across  F,*  and  its  associated  re¬ 
sistor  R^  This  voltage  change 
across  the  resistor  appears  at  the 
grid  of  F#  and  makes  it  conductive, 
and  therefore  tube  F4  becomes  non¬ 
conducting,  resetting  the  trigger 
circuit  for  the  next  passage 
through  balance. 

Potentiometer  arm  D4,  after  pass¬ 
ing  Ds,  reaches  point  Di  to  begin 
the  next  measuring  cycle  and  so 
on.  Thus,  each  station  is  selected 
in  sequence,  first  printing  humid¬ 
ity,  then  temperature. 

Amplifier  F,  is  used  to  produce  a 
steep  change  in  signal  at  balance 
so  as  to  provide  printing  at  the 
earliest  possible  time  after  the  bal¬ 
ance  point  is  reached.  A  large  rate 
of  change  of  signal  at  balance  is 
desirable  since  it  limits  the  errors 
that  would  otherwise  occur  because 
of  the  lifetime  changes  in  striking 


Circait  Diagram 

The  simplified  circuit  diagram  in 
Fig.  1  shows  a  bridge  circuit  con¬ 
sisting  of  potentiometers  Rj  (tem¬ 
perature)  or  Rs  (humidity)  as  two 
legs  of  the  bridge,  and  resistors 
Ri  and  Rs  (temperature)  or  Ri,  R, 
and  Rs  (humidity)  as  the  other  two 
legs  of  the  bridge.  Resistor  R,  is 
the  temperature-responsive  ceramic 
resistor,  and  R,  is  the  humidity- 
controlled  resistor  (connected  as  a 
potentiometer),  both  of  which  fur¬ 
nish  appropriate  voltages  in  the 
bridge  circuit  as  functions  of  tem¬ 
perature  and  humidity,  whichever 
is  under  measurement. 

The  bridge  null  detector  consists 
of  a  circuit  containing  R„  F,  (6H6 
diode)  with  a  0.5-volt,  60-cycle  in¬ 
jected  voltage  in  the  cathode  circuit. 

When  potentiometer  arm  Dt  (R7 
or  R.)  rotates  in  the  direction 
shown  by  the  arrow,  from  point  A 
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After  the  value  of  humidity  of 
the  eighth  station  has  been  deter¬ 
mined,  a  three-position  switch 
closes  if  the  sum  of  the  eight  hu¬ 
midity  readings  exceeds  a  manually 
set  value.  This  switch  operates  the 
closing  coil  of  a  mechanical  latch 
relay  which  in  turn  starts  the  de- 
humidifying  equipment.  The  radial 
summation  cam  is  provided  with  an 
adjustable  dwell  between  the  upper 
and  lower  limits.  After  scanning 
eight  stations,  if  the  three-position 
switch  is  in  the  dwell  position, 
neither  of  its  contacts  is  closed. 
Therefore  no  change  is  made  in  the 
mechanical  latch  relay  and  the  de¬ 
humidifier  machine  will  continue  to 
run,  if  it  has  previously  been 
started.  This  mechanism  provides 
a  manually  adjustable  on  and  off 
control  point  together  with  an  inde¬ 
pendently  adjustable  differential. 
A  cam  and  switch  are  provided  to 
operate  the  magnet  in  the  control 
assembly  after  the  eighth  station  is 
scanned.  This  releases  a  brake  on 
the  controller,  permitting  the  radial 
cam  to  return  to  the  initial  position 
by  means  of  a  return  spring,  index¬ 
ing  it  for  the  next  cycle  of  eight 
stations. 

The  recorder-controller  sequence 
is  continuous.  However,  recording 


potential  of  the  gas  discharge  tube 
V”,  and  changes  in  gain  of  the  ampli¬ 
fier.  These  design  principles  pro¬ 
duce  an  electronic  system  the  oper¬ 
ation  of  which  is  substantially 
independent  of  tube  characteristics. 

Progrom  Sequence 

In  the  recorder  a  synchronous 
motor  furnishes  driving  power  and 
through  suitable  gear  reduction 
simultaneously  rotates :  tempera¬ 
ture  and  humidity  printing  wheels, 
temperature  and  humidity  sweep 
potentiometers,  a  main  cam  and 
switch  assembly,  and  a  single-rise 
cam  which  in  cooperation  with  a 
ratchet  wheel  advances  the  station 
selector  switch.  The  gear  ratio  is 
such  that  the  temperature  and  hu¬ 
midity  printing  wheels  make  two 
revolutions  for  each  selector  switch 
position.  During  the  first  revolu¬ 
tion,  the  main  cam  and  switch 
assembly  connects  into  the  cir¬ 
cuit  the  humidity  resistor  of  a 
measuring  station,  the  humidity 
sweep  potentiometer,  the  magnet 
coil  for  the  humidity  and  time 
printing  bar,  and  the  electronic 
unit.  During  the  second  revolution, 
it  connects  into  the  circuit  the  tem¬ 
perature-responsive  resistor  of  the 
measuring  station,  the  temperature 
sweep  potentiometer,  the  magnet 
coil  for  the  temperature  and  station 
number  printing  bar,  and  the  elec¬ 
tronic  unit.  Each  time  that  tem¬ 
perature  and  station  number  is 
printed  a  pawl  is  released  from  a 
four-tooth  ratch  which  allows  the 
paper  drive  roll  to  advance  the  re¬ 
cording  paper. 


Sample  of  the  record  obtained.  At  station 
6  (see  digits  in  extreme  left  column)  the 
temperature  is  51.5  and  humidity  is  31 
percent  at  about  16  hours  (4  pm) 


periods  are  optional  as  determined 
by  the  position  of  a  manually-oper¬ 
ated  switch  or  an  adjustable  cam. 
Since  the  record  paper  and  carbon 
printing  tape  are  advanced  only  by 
the  printing  operation,  a  minimum 
amount  of  record  paper  is  used. 

The  recorder  paper  take-up  roll 
is  actuated  by  a  stalled  shaded-pole 
induction  motor  which  is  continu¬ 
ously  energized.  Previous  record¬ 
ings  may  be  viewed  by  grasping  the 
paper  tape  and  pulling  it  from  the 
reel,  driving  the  stalled  motor  back¬ 
wards  against  the  generated  torque 
and  thus  providing  automatic  take- 
up  when  the  paper  is  released. 

industrial  Possibilities 

Direct-reading  printing  recorders 
of  this  type  are  a  valuable  develop¬ 
ment  in  telemetering  applications. 
Transfer  of  information  to  auto¬ 
matic  business  machine  cards  is 
quickly  accomplished  without  the 
errors  often  encountered  in  graphic 
interpretation  by  unskilled  per¬ 
sonnel.  Significant  economy  is  ef¬ 
fected  by  the  use  of  ordinary  adding 
machine  paper.  The  recorder  also 
illustrates  a  sensible  application  of 
electronic  methods  to  an  essentially 
mechanical  device. 


Dehamidifying  Confrol 

The  main  cam  and  switch  as¬ 
sembly  carries  a  second  cam  that 
closes  a  switch  at  the  10  percent 
relative  humidity  position  which 
operates  the  closing  coil  of  a  me¬ 
chanical  latch  relay  to  start  the 
humidity  radial  summation  cam 
drive  motor.  When  the  humidity 
bridge  passes  through  balance  the 
impulse  from  operates  the  hu¬ 
midity  printing  bar  and  unlatches 
the  contacts  of  a  mechanical  latch 
relay,  thus  stopping  the  summa¬ 
tion  cam  motor.  Therefore  the 
angle  of  rotation  of  the  summation 
cam  depends  on  the  angle  of  rota¬ 
tion  of  the  humidity  potentiometer 
prior  to  reaching  balance. 


Ruar  of  the  central  station.  Below  the 
electronic  equipment  chossis  is  the  elec¬ 
tromechanical  printer  and  aTeraging  de- 
Tice.  The  sequence  switch  is  shown  at 
the  right.  Power  supply  below  is  omitted 
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LOW  IMPEDANCE 

FOR  BROADCAST  RECEIVERS 


Using  a  large  low-impedance  loop  antenna  improves  pickup  over  that  of  a  smaller  high- 
impedance  loop.  Design  of  transformer  for  optimum  coupling  of  low-impedance  loop  to 
grid  of  first  stage  is  described.  Curves  give  conditions  for  maximum  gain 


By  L.  0.  VLADIMIR 

Receiver  Divieion 
Oeneral  Electric  Co. 
Bridgeport,  Conn. 


Low-impedance  loop  antennas  have 
I  been  used  for  some  time  in  direc¬ 
tion  finders,  and  just  prior  to  the  war 
were  beginning  to  find  favor  in  home 
receivers.  They  are  of  particular 
value  in  large  console  models  where 
advantage  can  be  taken  of  available 
area  to  install  efficient  antennas. 

In  addition,  low-impedance  loop 
antennas  are  stable.  That  is,  their 
inductance  will  ordinarily  not  change 
with  age  and  humidity  as  much  as 
will  that  of  high-impedance  loops. 
Placement  of  leads  from  loop  to  re¬ 
ceiver  is  not  as  critical  for  low-im¬ 
pedance  loops  as  for  high-impedance 
loops.  Also,  the  low-impedance  loop 
is  easier  to  manufacture  than  the 
high-impedance  loop  because  its  in¬ 
ductance  need  not  be  adjusted  to 
within  such  narrow  limits;  normal 
manufacturing  variations  can  be 
compensated  with  the  antenna  trim¬ 
mer.  Of  course  the  coupling  trans¬ 
former  must  be  closely  adjusted,  but 


FIG.  1 — Low-impedance  loop  antenna  is 
coupled  by  step-up  transformer  to  input  of 
first  stage 


this  is  standard  procedure  in  coil 
manufacture. 

Coepling  Transformer 

The  heart  of  the  low-impedance 
loop  antenna  is  the  step-up  trans¬ 
former  that  couples  the  loop  to  the 
grid  of  the  r-f  or  mixer  tube.  The 
characteristic  of  this  circuit  is  given 
by  the  expression,  derived  in  Ap¬ 
pendix  I 

Gain  =  fcQs(L*o/Lt)*^  X 

(m(l  -f  m  —  mfc*)/(l  -f  m)]‘^  X 
(1  -h  m  -1-  2mk*)-^  (1) 


FIG.  2 — Curve  (A)t  Inductance  ratio  as  a 
function  of  coupling  coefficient  for  maxi¬ 
mum  gain.  Curve  (B):  Gain  factor  as  a 
function  of  coupling  coefficient  for  opti¬ 
mum  inductcmce  rotto.  Curve  (C)t  Ratio  of 
Q's  for  opttmum  inductance  ratio  vorlee 
with  coupling  coefficient 


in  which  the  significance  of  the 
terms  is  shown  in  Fig.  1  and  Table  I. 

In  the  schematic  diagram  of  Fig.  1, 
the  inductance  Ll  is  the  loop,  which 
can  or  cannot  be  center-tapped. 
Neither  case  will  affect  the  results 
because  capacitance  coupling  be¬ 
tween  primary  and  secondary  wind¬ 
ings  is  very  small  com,  •  ed  to  in¬ 
ductive  coupling. 

Equation  1  will  be  analysed  to  de¬ 
termine  the  optimum  design  of  the 
coupling  transformer  and  to  compare 
merits  of  the  low-impedance  loop  to 
those  of  the  high-impedance  loop. 

Opfimvm  Goin 

Of  primary  interest  in  determin¬ 
ing  maximum  gain  of  the  coupling 
transformer  is  the  magnitude  of  the 
quantity  m  in  Eq.  1.  Because  the 
values  Leq,  Lt  and  Qs  are  roughly 
fixed  by  other  design  considerations, 
we  specifically  wish  to  substitute  var¬ 
ious  values  of  k  in  Eq.  1  to  find  what 
value  m  must  be  for  maximum  gain. 
While  the  maximum  point  could  be 
found  by  differentiating  this  equa¬ 
tion,  the  resultant  derivative  is  a 
sixth  order  equation  and  extremely 
difficult  to  handle.  Accordingly  the 
information  was  obtained  graphi¬ 
cally  and  is  shown  by  curve  (A)  in 
Fig.  2. 

Knowing  the  realizable  coefficient 
of  coupling  which  we  can  obtain  in 
our  transformer  design,  we  can  find 
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FIG.  3 — Gain  factor  os  a  function  of  inductance  ratio  for  constant  coupling 
coefficient  shows  a  broad  maximum 


w  directly.  From  this  value  of  m 
and  the  loop  inductance  we  can 
find  the  required  primary  inductance 
Lf.  Inasmuch  as  the  quantity  Lkq 
is  fixed  by  tuning  considerations, 
only  the  quantity 

4(m(l  +  ffi  —  mV) /(I  +  m)P'*  X 

(1  +  m  + 

of  Eq.  1  can  be  varied  freely.  Call 
this  quantity  the  gain  factor  and 
plot  it  against  k  as  shown  by  curve 
(B)  in  Fig.  2. 

Obviously  k  should  be  as  large  as 
possible  for  maximum  gain,  but  the 
difference  in  performance  between 
a  coil  having  a  /c  of  85  percent  and 
one  having  a  of  95  percent  hardly 
justifies  extraordinary  or  costly  pre¬ 
cautions  to  obtain  the  higher  coup¬ 
ling  coefficient.  Small  powdered-iron 
core  coils  normally  can  be  made  with 
a  of  85  percent.  Such  a  design  is 
usually  satisfactory  from  both  cost 
and  performance  standpoints.  The 
addition  of  powdered-iron  cups  sur¬ 
rounding  the  coils  may  bring  k  to 
over  90  percent,  but  the  additional 
cost  is  considerable.  If  a  coil  is  de¬ 
signed  without  powdered-iron,  the 
coupling  coefficient  usually  obtainable 
hardly  justifies  the  degradation  in 
performance. 

The  curve  of  gain  factor  as  a  func¬ 
tion  of  m,  allowing  k  to  remain  con¬ 
stant,  shows  the  maximum  to  be  ra¬ 
ther  broad  as  illustrated  in  Fig.  3. 
Thus  with  k  fixed  at  unity,  m  can 


have  any  value  from  0.17  to  0.3  with¬ 
out  noticeable  loss  in  gain.  Curves 
for  other  values  of  k  can  be  plotted. 

CondHcfor  Sii* 

It  is  usually  of  interest  to  estimate 
the  overall  total  Q  of  the  coil  in  the 
circuit.  The  ratio  of  this  value  Qbo 
to  Qa  is  plotted  as  curve  (C)  in 
Fig.  2  against  coupling  coefficient. 
This  ratio  holds  for  values  of  m  to 
give  maximum  gain  as  shown  in 
curve  (A)  in  Fig.  2,  and  the  assump¬ 
tions  are  the  same  as  were  made  in 
the  calculations  for  that  curve, 
namely  that  Ql  equals  Q#.  and  the 
total  primary  quality  (i.e.,  of  Lr,  and 
Lp  combined)  equals  one-half  Qs. 

The  choice  of  conductor  size  forL^, 
Lp,  and  Ls  is  the  determining  factor 
in  fixing  selectivity  and  must  there¬ 
fore  be  carefully  considered  by  the 
designer.  When  an  iron  core  is  used, 
the  secondary  can  be  properly  wound 
with  5/41,  7/41,  or  10/44  sse  litz 
wire,  and  excellent  secondary  quality 
thus  obtained.  Either  the  loop  an¬ 
tenna  is  constructed  of  heavy  copper 
wire  (No.  10  B&S  gage  or  larger)  or 
it  may  be  made  of  flat  copper  ribbon. 
Such  copper  ribbon  should  usually 
be  at  least  0.01-inch  thick  to  give 
satisfactory  loop  quality.  A  fairly 
typical  large  console  loop  constructed 
of  i-inch  wide  flat  copper  ribbon 
0.01-inch  thick  showed  Q  measure¬ 
ments  of  100  at  600  kc  and  175  at 


Table  I — Symbols  Used  in  Text 


i4  :  Area  in  square  meters  of  loop 
antenna  (Eq.  2) 

a  :  Algebraic  factor,  introduced  in 
Appendix  II,  a  »»  (1  -f  m)/m, 
see  m 

E  :  Potential;  El  induced  into  loop 
antenna,  Eo  developed’across  grid 
of  first  tube 

k  :  Coefficient  of  coupling  between 
transformer  windings,  see  M 
L  :  Inductance;  Ll  of  loop  antenna, 
Lp  of  transformer  primary.  La  of 
transformer  secondary,  Lmq  as 
given  in  Eq.  5 

X  :  Wavelength  in  meters  (Elq.  2) 

M  :  Mutual  inductance  between  trans¬ 
former  windings:  M  *=  k{LrLay'* 
m  :  Ratio  of  transformer  primary  in¬ 
ductance  to  loop  antenna  induct¬ 
ance,  m  =»  Lr/Lit  introduced  in 
Appendix  I,  value  for  maximum 
gain  given  in  Fig.  2 
N  :  Number  of  turns  in  loop  smtenna 
(Eq.  2) 

Q  :  Quality;  Ql  of  loop  antenna,  Qp  of 
transformer  primary,  Qa  of  trans¬ 
former  secondary,  QmqBA  given  in 
Eq.  4 

R  :  Resistance;  Rl  of  loop  antenna, 
Rp  of  transformer  primary,  Ra  of 
transformer  secondary,  Rbq  as 
given  in  Eq.  6 

V  :  Voltage  picked  up  by  loop  in  a  field 
of  one  volt  per  meter  (Eq.  2) 

For  quantities  not  listed  here,  see 
Fig.  1,  4,  and  5. 
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Tc^le  II — Quality  ol  Coil  Ob¬ 
tained  With  Different  Wires 


Appendix  I 

The  equivalent  circuit  of  Fig.  i  jg 
as  shown  in  Fig.  4A.*  We  are  to  find 
the  ratio  of  Eo  to  Et,  the  gain  of  the 
network.  Let  us  lump  7?^  plus  ft, 
and  Rb  into  one  equivalent  resistance 
Rbq  which  we  shall  place  in  the  sec¬ 
ondary  circuit  as  in  Fig.  4B. 

By  Thevenin’s  theorem  we  can 
write 


Wire  Type  Frequency  in  kc 

1,400  1,000  600 

7/41  litz  65  45  35 

10/41  litz  73  52  40 

20/44  Utz  80  53  42 

30/44  Utz  100  73  57 

No.  34F.  45  32  25 

No.  28F.  67  52  45 


Ll  -h  Lr 
At  resonance 


acetal  insulation)  solid  wire  is  a  io.6  by  8.5  inches,  and  there  were  19 
good  conductor  to  use.  However,  turns.  At  1,000  kc,  300  meters,  the 
there  are  other  factors  which  must  figure  of  merit,  Eq.  2  times  Qi,,  equals 
be  taken  into  account.  The  primary  2.77. 

winding  being  closely  associated  with  in  the  case  of  the  low-impedance 
the  secondary,  in  order  to  obtain  loop,  the  voltage  pickup  is  obtained 
close  coupling,  causes  a  pronounced  by  Eq.  2  as  before,  but  the  figure  of 
loss  in  quality  due  to  eddy  currents  merit  is  this  expression  multiplied 
induced  in  the  primary  conductor.  by  the  gain  of  the  coupling  trans- 

Due  to  the  high  cost  of  20/44  or  former  given  by  Eq.  1.  This  gain  is 
30/ 44  litz  wire,  a  suitable  compro-  derived  from  known  constants  of  the 
mise  may  often  be  found  in  some  coupling  transformer  and  the  loop 
such  size  as  10/41  litz.  It  should  be  inductance.  For  this  case  where  the 
noted  that  conductor  cross-sectional  equivalent  inductance  must  remain 
area  is  of  importance  in  determin-  200  /nh  because  we  will  use  the  same 
ing  inductor  quality  as  well  as  the  tuning  gang,  and  the  antenna  in- 
multistranding.  Thus  10/41  litz  will  ductance  will  equal  8.4  /xh  (the  in¬ 
give  better  quality  than  10/44,  and  ductance  of  a  two-turn  loop  whose 
7/41  litz  is  usually  preferable  to  dimensions  are  21  by  30  inches),  the 
10/44  litz  for  the  same  reason,  at  gain  is  given  by  Qa(Lji«/Lt)*  times 
least  as  far  as  the  primary  winding  the  gain  factor.  For  a  fc  of  85  percent 
is  concerned.  from  curve  (B)  in  Fig.  2  the  gain 

ComporisoR  of  Loops  and  because  Qb  of  the 

coil  under  consideration  is  140  at 

We  now  have  sufficient  informa-  1,000  kc,  the  gain  is  168.  The  figure 
tion  to  compare  mathematically  the  of  merit,  Eq.  2  times  this  gain,  equals 
performance  of  a  low-impedance  loop  2.87. 

with  that  of  a  high-impedance  loop.  Thus  we  have  improved  the  figure 
In  designing  a  receiver  it  was  de-  of  merit  of  the  pickup  system  al- 
cided  to  change  from  an  average-  though  we  had  to  increase  the  area 
sized  high-impedance  loop  mounted  from  0.058  square  meters  to  0.408 
underneath  the  shelf  of  a  console  to  square  meters  to  do  so.  It  is  to  be 
a  low-impedance  loop  mounted  on  a  noted  that  a  number  of  refinements 
frame  within  the  console  cabinet,  such  as  spacing  between  turns  of 
The  frame  was  swiveled  to  allow  the  loop  and  space  factor*  have  been 
some  adjustment  of  position,  but  was  neglected,  but  results  check  reason- 
only  slightly  smaller  in  area  than  the  ably  well  with  measurement, 
inside  of  the  console. 

Voltage  pickup  of  a  high-imped- 
ance  loop  in  a  field  of  one  volt  per 
meter  is  given  by' 

V’=2x  NA/\  (2) 

The  figure  of  merit  of  the  loop  is 
equal  to  Eq.  2  multiplied  by  the  loop 
quality  Ql. 

The  high-impedance  loop  which 
had  been  used  had  an  inductance  of 
200  /xh  (as  determined  by  tracking 
considerations).  Dimensions  were 


Because  at  resonance  the  total  in¬ 
ductive  reactance  as  seen  at  the  grid 
of  the  tube  is  equal  to  the  capacitive 
reactance,  we  can  replace  l/toC  with 
which  is  the  combined  react¬ 
ances  of  La,  Lf,  and  Ll  when  con¬ 
nected  as  shown.  Thus 


{Ll  4"  Li>)Rbq 
Qmq,  and  because  M 


k(LeLa)^  we  can  write 

Eg  _  MQbq 
El  Ll  -}-  Lf 


Ll  4-  Lb 

Although  this  expression  gives  the 
gain  of  the  coupling  transformer,  it 
does  not  clearly  indicate  the  manner 
in  which  the  transformer  constants 
affect  its  gain.  To  convert  this  equa¬ 
tion  into  a  more  informative  form 
we  proceed  as  follows: 


Derivation  of  Eq.  1,  upon  which  the 
transformer  design  depends,  is  based 
on  simple  circuit  theory.  However, 
because  the  steps  of  the  derivation 
indicate  the  function  of  the  circuit 
and  the  limitations  of  the  final  design 
equation,  the  derivation  is  given.  As 
will  be  recognized,  the  results  are 
applicable  to  transformer  couplings 
used  in  other  applications  than  that 
considered  here. 


FIG.  4 — (A)  EquiTGd«nt  circuit  of  Fig.  1  can 
bo  further  simplified  to  that  at  (B) 
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The  primary  inductance  will  al¬ 
ways  be  dependent  on  the  inductance 
of  the  antenna  loop,  so  let  us  choose 
some  arbitrary  constant  which  will 
be  the  ratio  of  these  inductances.  In 
fact,  it  is  the  value  of  this  ratio 
which  gives  maximum  gain  which  we 
^ish  to  find.  Therefore,  define  Lp  = 
ffiLi,  then 


m)lm  =  a,  and  using  the  relation 
M  =  k{LpLs)^  to  the  expression 
otkiLpLaY'^  -  k»Ls 


equivalent  primary  resistance  for 
the  circuit  of  Fig.  5A  is 

"  y 

HI  \Ll  “h 

Let  us  call  this  expression  Rp\  and 
use  the  previously  given  relations 
(1  -1-  m)m  =  *,  mLt  =  Lp,  and  M  = 
k(LpLa)^  to  simplify  it  to 
i2/  =  Rp(k^La/<iLp) 

Let  us  also  assume  that  the  com¬ 
bined  quality  of  the  loop  and  primary 
inductances  is  one  half  the  quality  of 
the  secondary  inductance.  On  the 
average  this  condition  usually  exists. 
The  combined  quality  of  loop  and 
primary  inductance  will  be  desig¬ 
nated  by  Op';  then  20/  =  0a,  or 
2(aLp/Rp  =  inLa/Ra,  so  that  we  have 
Rp  =  2LpRa/La,  which  when  substi¬ 
tuted  into  the  foregoing  gives 


The  inductance  to  the  right  of 
points  A-B  in  Fig.  4B  is  likewise 
simplified  to  the  expression 
La  -  kiLpLa)^ 

Note  that  the  mutual  inductance  be¬ 
tween  points  A  and  B  has  been  con¬ 
sidered  as  a  parallel  branch  of  the 
inductance  to  the  left  of  A-B.  The 
total  equivalent  inductance  across 
the  tuning  capacitance  is  the  sum  of 
these  two  inductances,  thus 
.  akiLpLaY'*  -  k^-La  , 


This  equation  is  quite  valid,  but 
the  equivalent  quality  is  not  directly 
known,  although  it  can  be  measured 
by  connecting  a  Q-meter  across  the 
secondary  winding  with  the  primary 
winding  connected  to  the  antenna 
loop.  Also  it  will  not  be  the  value  of 
the  secondary  inductance  which  will' 
be  known  when  a  design  is  calculated, 
but  the  value  of  the  equivalent  in¬ 
ductance,  because  that  is  fixed  by  the 
value  of  the  tuning  capacitance  and 
the  required  tuning  range.  There¬ 
fore  this  equation  will  be  modified 
to  an  expression  in  terms  of  the 
equivalent  inductance  and  the  qual¬ 
ity  of  the  secondary  coil  alone,  for 
these  are  the  quantities  which  are 
usually  known. 

In  Appendix  II  the  equivalent  in¬ 
ductance  is  found  to  be 

,  ,  1  +  “■  mk^ 

In  Appendix  III  the  equivalent  re¬ 
sistance  is  found  to  be 

„  _  „  1  4-  m  +  2mk* 

— r+m — 

From  these  results,  and  because 
Qsq  —  (uLaq/ Rbq  and  Qa  —  mLa/ Rs  the 
equivalent  quality  is 


La  -  k{LpLaY 

a 

Substituting  the  expression  in  m 
for  which  a  stands  gives 

,  ,  1  +  m  —  mfc* 


Appendix  III 

Likewise,  to  determine  the  equiv¬ 
alent  resistance  of  the  coupling 
transformer  and  loop  antenna  we 
simplify  the  circuit  of  Fig.  4A  to 
that  of  Fig.  5A.  This  simplification 
is  done  by  considering  such  a  circuit 
as  that  at  Fig.  5B  which  we  wish  to 
replace  with  an  equivalent  series 
circuit.  The  impedance  seen  to  the 
left  of  terminals  C-D  is 


MCLt+Lp-ll) 


juLu^Rc  juLc) 


Rc  jitiLc  ”1“  juLo 

The  real  terms  are  the  only  ones  of 
interest  at  present  because  we  wish 
to  find  an  equivalent  resistance  for 
Rl.  Call  this  equivalent  resistance 
Rc\  then 

Rc  —  (fic<*>*f<D*)/(Rc*  L<Y  •\- 

2o)*LcLd  4“  bi^LiY) 

In  the  denominator,  the  R*  term  is 
small  compared  with  the  other  terms, 
therefore  the  expression  can  be  sim¬ 
plified  to 


FIG.  5 — EquiTalent  resistonce  is  found 
from  circuit  at  (A),  which  is  derired  from 
that  at  Fiq.  4A  by  steps  shown  here  at 
(B)  and  (C) 


Substituting  into  Eq.  3  this  ex¬ 
pression  for  the  equivalent  quality 
and  writing  L«  in  terms  of  Laq,  we 
obtain  the  design  equation 

Gotn  =  kQaiLaQ/LtY^  X 

[m(l  4-  m  —  mV) /{I  4-  X 
(1  4-  tn  4-  2mJfc*)-i 


2LpR. 


If  we  add  Ra  to  this  value  we  obtain 
the  total  equivalent  resistance  which 
we  were  seeking,  thus 

Rmq  =  Rr  4“  Rb 
Ra{2k^  4-  g) 


Because  the  circuits  under  discus¬ 
sion  have  reasonably  high  quality 
(Q  >40),  the  inductances  can  be 
combined  without  regard  to  their 
resistances.  Therefore  we  can  re¬ 
place  the  circuit  shown  in  Fig.  5B 
with  the  equivalent  series  circuit 
shown  in  Fig.  5C.  In  this  manner  we 
obtain  the  circuit  of  Fig.  5A. 

Assume  that  Ql  equals  Qp,  then 
Rl  Rp/m  and  total  primary  resist- 
This  quantity  can  be  simplified  using  ance  is  Rp  4*  Rp/tn  or  Rp(l  4-  m)/m, 
the  previously  defined  relation  that  which  is  the  primary  resistance 
Lp  =  ttiLl,  and  by  defining  (14-  of  the  circuit  shown  in  Fig.  4A.  The 


Appendix  II 

To  determine  the  equivalent  in¬ 
ductance  of  the  coupling  transformer 
and  loop  antenna  we  write  from  Fig. 
4B  the  inductance  to  the  left  of 
points  A-B  as  ' 

{Ll  4-  Li.  -  M)M 


Substituting  the  expression  in  m  for 
which  a  stands  gives 

(6) 

1  4“ 
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2,700-Mc  Transceiver 

Narrow-beam  uhf  communication  system  developed  during  war  for  front-line  use  weighs 
only  56  lb  per  station.  Solenoid-actuated  dielectric  plunger  in  cavity  of  type  GL-44r) 
lighthouse  tube  makes  transmitting  and  receiving  frequencies  of  oscillator  the  same 


Transceiver  chassis  with  cover  removed. 
Fittinq  for  coaxial  line  going  to  antenna 
can  be  seen  at  top  center  of  rectangular 
cavity  inside  which  is  mounted  the  GL-446 
lighthouse  tube  serving  as  r-f  oscillator 


adjusted  by  skilled  personnel  to  any 
one  of  6  channels  4  me  apart.  Units 
could  operate  on  a  common  frequency 
if  separated  about  50  feet  and  if  the 
path  in  front  of  each  unit  was  clear 
of  reflecting  objects. 

Antenea  and  R*F  Unit 

The  antenna  used  a  paraboloid 


about  30  inches  in  diameter,  spun 
from  sheet  aluminum.  The  surface 
was  cut  vertically  to  form  three  sec¬ 
tions  held  together  by  guide  pins  and 
clamp  strips,  with  the  r-f  unit 
mounted  on  the  back  of  the  center 
section.  The  radiator  element  con¬ 
sisted  of  a  half-wave  dipole  and  a 
parasitic  reflector  housed  in  a  plas¬ 
tic  weatherproof  box.  The  dipole  was 
fed  by  a  concentric  line  that  coupled 
into  the  cavity  of  the  oscillator,  bal¬ 
anced  feed  being  obtained  by  means 
of  quarter-wave  sleeves  at  the  end 
of  the  line  next  to  the  dipole.  The 
antenna  gain  over  a  half-wave 
dipole  was  23  db. 

A  cavity  oscillator  using  a  GL-446 
lighthouse  tube  connected  as  in 
Fig.  1  and  mounted  as  in  Fig.  2  fur¬ 
nished  power  to  the  antenna  for 
transmitting,  and  was  cathode-modu- 


A HIGHLY  PORTABLE,  highly  direc¬ 
tional  microwave  telephone  that 
two  men  could  get  to  the  front  lines 
of  a  battlefleld  for  observation,  hav¬ 
ing  a  minimum  battery  life  of  four 
hours,  a  maximum  support  height  of 
5  feet,  and  capable  of  furnishing 
communication  over  a  10-mile  dis¬ 
tance  free  from  enemy  interception — 
such  were  some  of  the  requirements 
posed  by  the  Signal  Corps  early  in 
1942  to  a  group  of  RCA  Communica¬ 
tions  engineers  working  under  OSRD 
Contract  OEMsr-442. 

The  equipment  developed  under 
this  contract  actually  furnished  re¬ 
liable  communication  between  two 
units  30  miles  apart  and  up  to  38 
miles  when  favorable  hills  were  em¬ 
ployed  as  sites.  One  complete  station 
including  antenna,  reflector  and  tri¬ 
pod  could  be  carried  as  two  packs 
weighing  25  and  81  pounds.  The  op¬ 
erating  frequency  was  of  the  order  of 
2,700  me.  Interception  of  signals 
was  not  likely  due  to  the  narrow 
beam  of  the  antenna  and  because  of 
rapid  attenuation  below  line  of  sight. 
At  80  degrees  F  the  batteries  lasted 
0  to  8  hours.  The  transceiver  had 
only  one  tuning  knob  and  could  be 


FIG.  1 — Qrcuit  ol  2.700-inc  portable  transceiver,  with  relay  and  handset  switch  in 
receiving  position.  Lighthouse  tube  is  mounted  in  cavity,  and  cooxiod  line  going  to 
dipole  antenna  is  coupled  into  cavity  at  right  angles  to  plane  of  diagram 
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Two  complete  tronscelTer  units  set  up  ior 
Operation  on  standard  Signal  Corps  tripods 


lated  by  a  two-stage  audio  amplifier 
utilizing  9002  triodes.  Power  output 
was  400  milliwatts  with  6  watts  in¬ 
put.  For  receiving,  the  lighthouse 
tube  was  used  as  a  superregenerative 
detector,  with  a  separate  quench  os¬ 
cillator  and  two-stage  audio  ampli¬ 
fier. 

Measurements  indicated  that  the 
transmit  and  receive  frequencies  of 
the  oscillator  would  differ  by  0.5  to 
1.5  me.  To  overcome  this  common 
transceiver  fault,  a  solenoid-actuated 
compensating  device  was  added  to  the 
cavity  as  illustrated  in  Fig.  2.  When 
the  push-to-talk  button  is  pushed  for 
transmitting,  the  armature  of  the 
solenoid  pulls  a  dielectric  plunger 
into  the  cavity,  bringing  the  cavity  to 
the  desired  transmitting  frequency 
as  previously  determined  by  adjust¬ 
ment  of  the  frequency-setting  screw. 
When  the  button  is  released,  the  sole¬ 
noid  releases,  allowing  the  dielectric 
plunger  to  move  out  of  the  cavity  by 
spring  action  and  shifting  the  oscil¬ 
lator  frequency  on  receive  just 
enough  to  equal  the  transmitting  fre¬ 


quency.  The  receiver  may  be  tuned 
over  a  band  of  ±2  me  by  a  knob  that 
changes  the  at-rest  position  of  this 
plunger. 

Superregenerative  Receiver 

On  receiving,  the  GL-446  is  fol¬ 
lowed  by  the  two-stage  audio  ampli¬ 
fier  and  is  modulated  by  another 
9002  tube  acting  as  a  quench  tube. 
Tests  for  optimum  quench  amplitude 
and  frequency  dictated  a  quench  out¬ 
put  of  100  volts  at  100  kc. 

The  ratio  of  actual  receiver  noise 
to  calculated  ideal  receiver  noise  (the 
excess  noise  ratio)  for  this  trans¬ 
ceiver  in  the  receiving  condition 
varied  from  41  db  at  an  input  of  500 
microvolts  to  32  db  at  a  10-microvolt 
input.  For  comparison,  superhetero¬ 
dyne  receivers  using  tube  converters 
have  a  ratio  of  about  20  db,  while 
converters  using  silicon  crystals  have 
ratios  down  to  12  db. 

The  audio-frequency  equivalent 
bandwidth  of  the  receiver  was  5  kc, 
the  response  being  essentially  flat 
over  the  voice  frequency  band  of  200 
to  3,000  cycles. 

A  light-weight  plastic-cased  spill- 
proof  lead-acid  battery  produced  by 
Willard  Battery  Co.  for  the  Signal 
Corps  was  selected  as  the  primary 


source  of  power  for  use  with  a  vi¬ 
brator  power  pack  to  supply  1.65 
amperes  at  6  volts  and  25  ma  at  250 
volts.  When  receiving,  the  total  load 
on  the  batteries  was  3  amperes ;  when 
transmitting,  this  increased  to  3.5 
amperes. 

Field  Results 

With  antenna  gains  of  23  db  at  re¬ 
ceiver  and  transmitter,  the  effective 
power  gain  was  40,000  or  the  equiva¬ 
lent  of  14  kw  working  into  a  dipole  at 
each  end.  The  frequency  drift  with 
battery  life  was  minus  1  me  in  8 
hours  of  operation. 

The  longest  path  over  which  com¬ 
munication  was  accomplished  in 
model  tests  was  along  Long  Island 
Sound  over  salt  water.  One  terminal 
was  on  a  220-foot  hill  and  the  other 
on  a  120-foot  hill.  The  total  distance 
was  38  miles.  The  visibility  was  cal¬ 
culated  to  be  36  miles  based  on  4/3 
earth’s  radius.  This  path  showed 
some  fading  since  it  exceeded  the  op¬ 
tical  range.  Strong  signals  were  re¬ 
ceived  over  distances  of  5  to  12  miles. 
Means  for  multichannel  operation 
were  not  worked  out  since  the  high 
directivity  of  the  system  indicated 
that  units  would  probably  be  oper¬ 
ated  in  pairs. — k.h. 
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FIG.  2 — Details  of  cority  resonator  oscil¬ 
lator,  showing  frequency  •  compensating 
mechanism  used  to  make  sending  and 
receiving  frequencies  the  some 
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CAPACITIVE 


Variations  in  oscillator  frequency  caused  by  minute 
movements  of  the  capacitive  circuit  element  are  con¬ 
verted  to  output  voltage  changes  in  this  practical  elec¬ 
tronic  gage.  The  same  principle  has  been  successfully 
used  for  dilatometer,  manometer,  roughness-gage  and 
hardness  testing  apparatus 


Two  SENSITIVE  electronic  microm¬ 
eters  have  recently  been  de¬ 
scribed  in  the  literature,  both  of 
which  operate  by  measuring  the 
variation  in  capacitance  between  a 
fixed  and  a  movable  part.^*  *  The  prin¬ 
ciples  on  which  these  two  instru¬ 
ments  are  based  have  long  been 
known,  and  sporadic  attempts  have 
been  made  to  apply  them,  but  it  has 
remained  for  recent  advances  in 
electronic  technique  to  make  them 
practically  useful. 

Simply  stated,  these  two  devices 
use  variations  in  capacitance  to 
change  the  resonant  frequency  of 
high-frequency  oscillators,  and  dis¬ 
criminators  to  convert  the  frequency 
changes  into  voltages  or  current 
changes  which  may  be  indicated  or 
recorded.  The  device  developyed  by 
one  of  the  authors*  differs  from  that 
described  by  Bradshaw*  in  an  im¬ 
portant  respect ;  the  device  to  be 
described  uses  a  limiting  amplifier 
to  free  the  instrument  from  errors 
which  might  otherwise  be  caused  by 
amplitude  variations  in  the  input 
to  the  discriminator. 


By  R.  W.  DAYTON 

BattelU  MetiMrial  In$titute 
Columhu»t  Ohio 


Leed$  and  Northrup  Co. 
Philadelphia,  Pa. 


radius  as  the  cylindrical  spindle  ex¬ 
tension.  They  form  essentially  a 
split-stator  capacitor  whose  rotor  is 
the  spindle  extension.  When  the 
spindle  extension  is  close  to  the 
plates,  the  total  capacitance  varies 
with  the  spacing  as  if  the  combina¬ 
tion  constituted  a  single  parallel- 
plate  capacitor  of  half  the  area  or 
twice  the  spacing.  The  area  of  each 
of  the  curved  capacitor  plates  is 
nearly  0.75  square  inch,  and  the  spac¬ 
ing  is  usually  kept  at  0.03  inch,  so 
that  the  capacitance  is  about  3  micro¬ 
microfarads. 

The  circuit  of  one  of  the  two  mi¬ 
crometers  used  when  testing  spin¬ 
dles  is  shown  in  Fig.  5.  The  capacitor 
Cx  and  the  inductor  L,  resonate  near 
3,200  kc,  and  form  the  tuned  circuit 
of  a  push-pull  Hartley  oscillator 
composed  of  tubes  Vi  and  The 
oscillator  is  directly  coupled  to  the 
buffer  y„  Vi  which  isolates  the  oscil¬ 
lator  circuit  from  the  output  coaxial 
cable.  All  the  tubes  in  the  capacitor 
assembly  are  miniature  types  to  con¬ 
serve  space. 

The  output  of  the  buffer  is  applied 
to  the  frequency  converter  as  is 
the  beat-frequency  voltage  from 
oscillator  V,.  The  oscillator  output 
frequency  is  thus  heterodyned  to 
within  the  pass-band  of  the  i-f  ampli¬ 
fier  Ft  and  limiter  V*,  which  are 
tuned  to  465  kc.  The  output  of  the 
limiter  is  applied  to  the  discrimi¬ 
nator  y,  at  a  level  of  about  300  volts. 
The  d-c  output  of  the  discriminator 
is  ample  to  deflect  the  5-inch  cathode- 


actually  take  a  number  of  forms  de¬ 
pending  on  the  use  to  which  the 
instrument  is  put.  To  obtain  highest 
sensitivity,  however,  a  parallel-plate 
capacitor  is  used,  one  of  the  plates 
being  connected  to  or  made  part  of 
the  object  being  measured,  and  the 
other  fastened  rigidly  to  the  fixed 
reference  point. 

The  capacitor  C  is  connected 
across  inductor  L  to  form  a  resonant 
circuit  that  determines  the  fre¬ 
quency  of  the  oscillator.  The  oscil- 
A  block  diagram  of  a  typical  capac-  lator  can  be  of  any  stable  type  suit- 
itive  micrometer  is  shown  in  Fig.  1.  able  for  the  frequency  chosen.  The 
The  sensitive  capacitor  C,  shown  output  of  the  oscillator  is  amplified 
conventionally  in  the  diagram,  may  to  a  level  sufficient  to  saturate  the 

limiter,  and  the  output  of  the  limiter, 
which  has  constant  amplitude,  is 
applied  to  the  discriminator.  A  con¬ 
venient  type  of  discriminator  has 
the  relation  between  input  frequency 

and  output  voltage  shown  in  Fig.  2. 
FIG.  I— Functional  block  diagram  of  the  t'  e> 

capacitiTe  micrometer.  The  probe  is  repre¬ 
sented  by  the  capacitor  at  the  left 
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Testing  Lotbe  Spindles 

The  micrometer  under  discussion 
was  first  used  to  test  lathe  spindles, 
in  the  apparatus  shown  in  Fig.  3.  A 
precision  lathe  spindle  is  held  in  a 
cradle,  and  on  its  end  is  fastened  a 
carefully  ring-lapped  steel  cylinder. 
The  position  of  this  cylinder  relative 
to  the  frame  of  the  machine  is  meas¬ 
ured  along  each  of  two  axes  by  the 
two  capacitor  assemblies,  one  of 
which  is  shown  in  Fig.  4.  The  capac¬ 
itor  proper  consists  of  the  two  insu¬ 
lated  steel  plates  visible  in  the  end 
of  the  brass  box  in  the  illustration. 
These  plates  are  lapped  to  the  same 


INPUT  FREQUENCY 


FIG.  2 — ^Th*  discriminator  circuit  choractor- 
istic  shows  the  change  in  output  voltoge 
caused  by  change  of  input  frequency 
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MICROMETER 


FIG.  3 — Complete  epindle-teetinq  apparatus.  The  copacitiTe  probes  are  at  right  angles 
to  each  other  and  equally  distant  from  the  precision-turned  shaft  extension.  Amplifier 
and  cathode-ray  oscilloscope  are  on  the  shelf  oboTe 


ray  oscilloscope  beam  directly  with¬ 
out  further  amplification. 

The  second  micrometer  used  in 
spindle  tests,  reading  position  along 
a  line  perpendicular  to  the  first,  is 
an  exact  duplicate  in  all  respects. 
Each  micrometer  channel  output  is 
connected  normally  to  one  pair  of 
plates  of  an  oscilloscope. 

The  pattern  produced  on  the  oscil¬ 
loscope  screen  by  rotation  of  the 
spindle  represents  the  position  of  the 
spindle  axis  during  a  revolution  rel¬ 
ative  to  the  axis  of  the  spindle  exten¬ 
sion.  Such  a  pattern  for  a  precision 
lathe  spindle  containing  both  plain 
and  ball  bearings  is  shown  in  Fig.  6, 
the  micrometer  magnification  being 
10,000. 

The  micrometer  permits  the  iden¬ 
tification  of  the  source  of  small 
spindle  errors  which  contribute  to 
roughness  of  machined  parts,  and 
has  given  information  useful  in  the 
design  of  new  and  improved  spindles. 

I 

Principle  Applied  to  Dilatometer 

A  later  application  of  an  electronic 
micrometer  to  a  very  different  prob¬ 
lem  is  illustrated  in  Fig.  7.  This 
shows  dilatometer  design  to  meas¬ 
ure  the  thermal  expansion  of  metal- 


tube  specimens  during  rapid  heating 
and  cooling. 

The  specimen  is  2  inches  long  by 
about  i  inch  in  diameter,  and  is  sup¬ 
ported  by  a  quartz  loop.  A  quartz 
rod  rests  on  top  of  the  specimen, 
and  supports,  at  its  upper  end,  a 
grounded  metal  cylinder  of  1-inch 
outside  diameter.  This  cylinder 
is  coaxial  with,  and  inside,  an 
insulated  cylinder  of  1.004-inch 
inside  diameter.  The  two  cyl¬ 
inders  are  of  equal  length,  but  the 
inner  one  is  not  wholly  inserted  in 
the  outer  one,  so  together  they  com¬ 
pose  a  capacitor  that  varies  as  the 
inner  cylinder  moves  up  or  down. 
The  quartz  loop  supporting  the  speci¬ 
men  is  fastened  rigidly  to  the  outer 
cylinder,  so  that  expansion  of  the 
specimen  causes  the  inner  cylinder 
to  move  into  the  outer  one  and  in¬ 
crease  its  capacitance  to  ground. 

The  device  described  is  the  main 
tuning  capacitor  of  a  circuit  resonat¬ 
ing  near  4.3  me,  which  is  made  the 
grid  circuit  of  the  triode  oscillator 
section  of  a  6K8  triode-hexode  tube. 
Oscillation  is  maintained  by  a  tickler 
in  the  triode  plate  circuit,  which  is 
coupled  to  the  grid  circuit.  The 
hexode  section  of  the  6K8  provides  a 


buffer  amplifier  to  isolate  the  oscil¬ 
lator. 

The  circuit  diagram  of  the  dila¬ 
tometer  is  shown  in  Fig.  8.  The 
oscillator-buffer  6K8  is  connected  by 
a  coaxial  cable  link  to  the  first  of 
two  limiter-amplifiers,  a  6AC7  and 
6AG7  in  cascade,  the  output  voltage 
of  which  is  controlled  by  changing 
the  screen  voltage.  The  second  lim¬ 
iter  feeds  the  7A6  discriminator, 
the  output  circuit  of  which  is  ar¬ 
ranged  to  operate  into  the  load 
provided  by  the  Speedomax  high¬ 
speed  recorder. 

A  typical  record  is  shown  in  Fig. 
9.  The  recorder  prints  one  point  per 
second;  one  set  of  alternately  occur¬ 
ring  points  represents  the  length  of 
the  sample,  intervening  points  re¬ 
cord  its  temperature.  The  recorder 
element  is  switched  automatically 
from  one  circuit  to  the  other.  The 
chart  indicates  temperature  directly, 
while  each  100  F  chart  interval  rep¬ 
resents  a  0.001-inch  expansion  of 
the  2-inch  length  specimen.  Portions 
of  two  records  are  shown.  The  lower 
record  shows  the  heating  and  expan¬ 
sion  of  a  steel  specimen  in  the  nor¬ 
malized  condition  (in  which  the  iron 
carbide  of  the  steel  is  present  in 
very  fine  lamellar  plates).  The  speci¬ 
men  was  inserted  in  the  furnace  and 


FIG.  4 — Detail  of  one  of  the  two  required 
spindle-testing  probes,  showing  the  cunred 
capacitor  plates,  at  the  right.  The  assem¬ 
bly  houses  miniature  oscillator  and  buffer 
tubes 
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FIG.  5 — Complete  dxcuit  diagram  of  one  probe  assembly  cmd  amplifier  channel.  Two  complete  channels  are  used  in  spindle  testing 


allowed  to  heat  to  1,850  F.  The 
specimen  was  then  immediately 
withdrawn  and  cooled  in  air.  The 
heating  required  about  33  seconds, 
and  the  dilation  curve  shows  that  it 
altered  crystalline  form  at  about 
1,660  F  during  heating.  The  steel 
was  in  its  high-temperature  crystal¬ 
line  state  about  25  seconds  before 
transforming  again. 

The  upper  part  of  the  figure  shows 
the  identical  sample  heated  after 
annealing,  that  is,  when  the  iron 
carbide  plates  were  slightly  coarser 
than  in  the  first  case.  A  visual  com¬ 
parison  of  the  two  dilation  curves 
show  that  this  subtle  difference  in 
physical  condition  of  the  steel  altered 
its  response  to  rapid  heating  quite 
radically.  The  implications  of  this 
type  of  result  are  not  pertinent  here, 
but  it  is  seen  that  the  information 
given  by  this  instrument  can  be 
valuable  in  explaining  the  phenom¬ 
ena  which  occur,  for  instance,  during 
welding  of  steels. 

Rocordiag  Manometer 

A  nearly  identical  circuit  has  been 
used  in  order  to  make  a  recording 
manometer  in  an  apparatus  for  the 
continuous  extraction  and  measure- 


Toble  1 — Characteristics  ol  Capacitive  Micrometers 
Designed  to  Measure  Different  Distances 


Instrument 

A 

B 

C 

Range 

1  microinch 

100  microinches 

0.01  inch 

Instability  —  / 

0.28  percent 

0.28  percent 

1  percent 

Nonlinearity  —  N 

0.55  percent 

0.55  percent 

2.25  percent 

Capacitor  Spacing 

Oscillator  Instability  —  p 

13  microinches 

1300  microinches 

0.095  inch 

1  in  10,000 

1  in  10,000 

1  in  10,000 

Stray  Capacitance 

10  p/if 

10  p/if 

10  ppf 

Area  Sensitive  Capacitor  —  A 

0.01  sq  in. 

1  sq  in. 

1  sq  in. 

A/  bandwidth 

/•  operating  frequency 

3.6  percent 

3.6  percent 

3.6  percent 

/,  _  operating  frequency 

0.235 

0.235 

0.90 

maximum  frequency 


ment  of  gases  from  steel.  The  ex¬ 
traction  is  done  automatically  in 
runs  as  long  as  48  hours,  and  con¬ 
tinuous  reliable  records  had  to  be 
made  of  the  readings  of  a  number 
of  manometers.  At  first,  resistance 
wire  was  sealed  into  the  manometer 
so  that  a  rise  in  the  mercury  level 
shorted  out  a  portion  of  the  wire; 
the  resistance  of  the  whole  cell  was 
measured  and  used  to  operate  a  po¬ 
tentiometer  recorder.  It  was  found 
impossible  to  rely  upon  this  system 
because  of  the  poor  contact  which 
frequently  occurred  between  the 
mercury  column  and  the  resistance 


no. 
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wire,  which  could  not,  of  course,  be 
of  a  material  which  was  wet  by  the 
mercury,  lest  the  wire  dissolve.  A 
1-inch  brass  tube  placed  coaxially 
around  the  mercury  column  was 
found  to  make  a  satisfactory  tuning 
capacitor  for  the  same  type  oscillator 
as  was  used  in  the  dilatometer  just 
described. 


Scratch-depth  Measurement 

Most  surface  measuring  instru¬ 
ments  incorporate  magnetic  or  piezo¬ 
electric  pickups  coupled  to  audio 
amplifiers,  so  that  they  respond  only 
when  the  pickup  is  moved  across  the 
surface.  The  capacitive  surface 
measuring  instrument  uses  the  sur¬ 
face  itself  as  one  plate  of  a  capacitor, 
the  other  plate  being  supported  by 
a  stylus  resting  on  the  surface,  as 
shown  in  Fig.  10.  The  stylus  used  is 
a  sapphire  phonograph  playback 
needle,  with  a  tip  radius  of  0.002 
inch.  Vertical  motions  of  the  stylus 
increase  or  decrease  the  spacing  be¬ 
tween  the  capacitor  plate  and  the 
surface. 

iTwo  traverses  across  a  compound 
specimen  polished  for  microscopic 
examination  but  containing  two 
scratches  are  shown  in  Fig.  11.  The 
specimen  consists  of  two  pieces  of 
steel  of  differing  hardness,  in  each 
of  which  a  scratch  was  made  with  a 
diamond  stylus  which  had  a  tip 
i  radius  of  0.008  inch,  loaded  with  200 
i  grams.  The  vertical  magnification 
used  is  about  20,000  times,  the  hori¬ 
zontal  80:  Such  a  device  can  possibly 
■:  be  used  as  a  hardness  tester  as  well 
as  for  roughness  measurements. 

Limits  to  tho  Capacitivo  TocliniqHe 

In  considering  the  general  applic- 
!  ability  of  micrometers  of  the  type 
:  described,  their  outstanding  prop¬ 


FIG.  7 — High-speed  dilatometer  (left)  and  recorder 


erty  is  high  sensitivity,  good  elec¬ 
trical  stability,  and  the  ability  to 
respond  to  rapid  movements.  The 
sensitivity  which  can  be  used  is 
limited  primarily  by  the  availability 
of  small  motions  which  it  is  desired 
to  measure.  If  the  capacitor  plates 
were  put  0.0005  inch  apart,  a  motion 
of  either  of  them  of  0.005  x  10*‘  inch 
could  be  indicated.  Unfortunately, 
such  a  small  motion  is  likely  to  be 
caused  bj’’  numerous  influences  other 
than  the  particular  one  it  might  be 
desired  to  measure;  for  instance,  a 
0.001  F  temperature  change  of  a 
half-inch  length  of  steel  would  cause 
it  to  change  by  this  amount. 

The  high  sensitivity  of  the  device 
is  another  way  of  saying  that  it  is 
capable  of  extremely  high  magnifica¬ 
tion  of  motion,  or  very  high  amplifi¬ 
cation.  The  f-m  device  described 
here  is  unusual  among  electronic  am¬ 
plifiers  in  that  it  maintains  the  stati' 


or  d-c  component  through  a  stable 
amplifier.  The  output  voltage  may  be 
made  high,  to  operate  a  cathode-fay 
oscilloscope,  or  the  output  impedance 
low,  by  the  incorporation  of  a  simple 
cathode-follower  stage,  to  operate 
low-impedance  devices  such  as  self¬ 
balancing  recording  potentiometers. 

Even  if  the  superheterodyne  f-m 
micrometer  is  used  at  an  intermedi¬ 
ate  frequency  of  465  kc,  the  band¬ 
width  is  from  15  to  20  kc,  so  that  mo¬ 
tions  at  rates  above  10,000  cycles  per 
second,  or  600,000  cycles  per  minute, 
may  be  amplified  by  this  device.  Me¬ 
chanical  devices  rarely  move  at  rates 
approaching  these  figures,  but  many 
move  at  rates  too  high  for  the  con¬ 
venient  UoC  of  other  types  of  ampli¬ 
fier. 

Design  Considerations 

Since  the  parallel-plate  capacitor 
is  the  most  useful  for  sensitive  in- 


FIG.  8 — Single-channel  dilatometer  circuit  diagram.  The  recorder  input  and  switching  details  are  omitted 
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struments,  the  design  of  micrometers 
using  it  will  be  considered.  The  ca¬ 
pacitance  c  of  such  a  capacitor  can 
be  expressed  as  fc/x,  in  which  fc  is  a 
constant  proportional  to  the  capaci¬ 
tor  area,  and  x  is  the  spacing  of  the 
two  plates.  The  capacitor  will  be 
shunted  by  stray  capacitances  C.  The 
oscillator  will  then  have  a  frequency 

f  =  l/2r^JL\CTWW]  (1) 

When  the  spacing  x  is  infinitely 
large,  the  oscillator  will  operate  at  its 
maximum  frequency,  where 

/'  =  1/2tVZc 

Then,  it  can  be  shown  that  the  spac¬ 
ing  is 

»  =  A. .,(///')•  (2) 

The  range  of  the  instrument  is 
the  difference  between  the  maximum 
spacing  Xi,  at  which  the  oscillator  op¬ 
erates  at  the  frequency  /«  -I-  iA/, 
(where  is  the  midpoint  frequency 
and  A/  is  the  bandwidth  of  the  re¬ 
ceiver)  and  the  minimum  spacing  x*, 
at  which  the  oscillator  operates  at  the 
frequency  /o  —  iA/.  Substituting 
these  values  in  Eq.  2,  and  assuming 
that  A/  is  small  compared  to  /o,  it  is 
found  that 

^  c  11  -  iu/f'n  ^  ^ 

When  the  required  range  of  the 
instrument  is  small,  it  is  often  de¬ 
sirable  to  have  the  spacing  as  large 
as  possible  for  mechanical  reasons. 
The  ratio  of  range  to  spacing  is 

—  =  ( - (4) 

A  small  bandwidth  is  thus  seen  to 
be  the  most  important  factor  in  ob¬ 
taining  a  large  spacing  compared  to 
the  range. 

A  conflicting  requirement  is  sta¬ 
bility.  Instability  (/)  arises  because 
the  frequency  of  the  oscillator  is  sub¬ 
ject  to  variations  on  account  of 
changes  other  than  those  in  the 
sensitive  capacitor;  so  also  is  the 
resonant  frequency  of  the  amplifier- 
discriminator  system,  and  of  any 
heterodyne  oscillator  used  in  the  in¬ 
strument. 
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FIG.  9 — Dilatometer  records  of  two  samples  of  steel,  diiierently  heat  treated  before  the 
test.  The  recorder  operates  every  second,  automatically  switching  between  tempera¬ 
ture  and  dilatometer  units 


The  frequency  stability  of  a  par¬ 
ticular  oscillator-discriminator  com¬ 
bination  depends  on  the  care  with 
which  the  units  are  designed  and 
constructed.  The  results  obtained  in 
this  development  indicate  that  it  is 
possible  to  obtain  a  short-time  sta¬ 
bility  of  much  less  than  one  part  in 
ten  thousand,  and  a  long-time  stabil¬ 
ity  approaching,  or  slightly  exceed¬ 
ing,  this  value. 

If  the  instability  of  the  amplifier- 
discriminator  combination  is  called 
a  fraction  p  of  its  operating  fre¬ 
quency  /o,  instability  can  cause  a 
frequency  shift  of  p  times  fo.  The 
ratio  of  this  frequency  shift  to  the 
bandwidth  A/  of  the  discriminator 
is  then  the  instability  of  the  instru¬ 
ment  as  a  whole,  expressed  as  a  frac¬ 
tion  of  the  range  of  the  instrument. 
Or 

1  =  p/./A/  (5) 

Thus,  we  see  that  for  purposes  of 
stability  A/  must  be  as  large  as  possi¬ 
ble.  It  has  been  shown,  however,  that 
for  the  purpose  of  obtaining  a  large 
spacing  compared  to  the  range,  and 


Tctble  2 — Characteristics  of  Heterodyne 
Aerometer  Over  a  Range  ol  Sensitivity 


Range 

Spacing 

Instability 

Nonlinearity 


0.1  in. 
0.348  in. 
1.15  percent 
6.9  percent 


0.01  in. 
0.099  in. 
1.07  percent 
2.2  percent 


0.001  in. 
0.021  in. 
0.83  percent 
0.72  percent 


0.0001  in. 
0.0013  in. 
0.28  percent 
0.55  percent 


0.00001  in. 
0.000016  in. 
0.031  percent 
4.0  percent 


as  will  be  shown,  for  the  purpose  of 
linearity.  A/  should  be  as  small  as 
possible. 

The  other  important  characteris¬ 
tic  of  this  instrument  is  the  linearity 
of  response.  The  range  of  the  instru¬ 
ment,  assuming  linearity,  is  shown 
in  Eq.  3.  The  true  range  is  slightly 
different  from  this,  and,  if  we  define 
nonlinearity  (N)  as  the  departure 
(ox)  relative  to  the  range  (A  x)  at 
the  ends  of  the  scales  from  a  linear 
scale  which  is  calibrated  for  slope 
and  position  at  the  midpoint,  it  is 
found  that 

If  ^  i+  iu.,r)‘  M.  (6) 

11  -  8/.  ' 

If  the  scale  is  calibrated  at  tw^o  in¬ 
termediate  points,  the  nonlinearity 
is  half  of  the  above. 

By  means  of  the  equations  for 
spacing,  range,  instability,  and  line¬ 
arity,  the  characteristics  of  any  sys¬ 
tem  can  be  determined.  However, 
for  the  purpose  of  designing  an  in¬ 
strument  for  a  particular  applica¬ 
tion,  frequent  recalculation  is  re¬ 
quired  to  obtain  a  desirable  balance 
of  properties.  This  can  be  avoided  by 
the  use  of  an  expression  which  re¬ 
lates  the  performance  characteris¬ 
tics  without  reference  to  the  fre¬ 
quency  or  bandwidth.  This  relation 


2\1  -f  A*/ -  1  f-) 

(8/p)/ 
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Use  of  this  expression  shows  that 
nonlinearity  and  instability  are 
smallest  when  the  stray  capacitance 
(C)  is  smallest  and  the  area  of  the 
sensitive  capacitor  (which  is  pro¬ 
portional  to  fc)  is  the  greatest.  It  is 
assumed  that  the  instability  of  the 
oscillator  (p)  is  as  small  as  it  can  be 
made. 

To  show  what  can  be  done  with  the 
instrument,  some  calculations  have 
been  made  for  instruments  of  three 
different  ranges,  in  which  the  goal 
was  an  instability  about  half  the  non¬ 
linearity.  The  results  of  these  cal¬ 
culations  are  presented  in  Table  1. 

Calculation  of  Instrument  Types 

This  table  shows  clearly  that,  when 
the  range  is  very  small,  the  spacing, 
too,  is  small,  and  highly  precise 
manufacture  is  essential.  However, 
if  such  an  instrument  as  the  one  in 
Column  A  were  built,  it  could  meas¬ 
ure  distance  changes  of  about  1 
Angstrom  unit,  a  small  quantity  in¬ 
deed. 

As  the  range  is  made  larger,  the 
instability  and  nonlinearity  are  not 
affected,  so  long  as  the  area  of  the 
sensitive  capacitor  is  increased  in 
the  same  proportion.  This  is  shown 
in  Column  B  for  an  instrument  with 
a  range  of  10  *  inch. 

However,  it  becomes  impractical 
to  increase  the  area  of  the  sensitive 
capacitor  sufficiently,  with  relatively 
large  ranges,  and  for  an  instrument 
with  a  range  of  10  *  inch  with  a  plate 
area  of  one  square  inch  for  the  sensi¬ 
tive  capacitor,  instability  and  non¬ 
linearity  are  not  so  low  as  with  the 
other  instruments.  However,  the 
properties  of  instrument  C  are  still 
adequate. 

If  a  multirange  instrument  is  de¬ 
sired,  it  can  be  obtained  by  varying 
the  spacing  of  the  sensitive  capaci¬ 
tor,  and  retuning  the  heterodyne  os¬ 
cillator.  Starting  with  instrument  B 
of  Table  1,  as  the  range  is  shifted 
over  a  considerable  distance,  the 
characteristics  of  Table  2  are  ob¬ 
tained. 

The  tabulation  shows  that  the  mi¬ 
crometer  has  a  better  balance  of 
properties  when  the  range  is  10  * 
inch,  for  which  it  was  designed,  than 
for  any  other  range.  However,  the 
characteristics  are  still  adequate  for 
small  and  large  ranges,  in  view’  of 
the  fact  that  with  this  one  instru¬ 
ment,  it  is  possible  to  measure  dis¬ 


tances  up  to  10  *  inch,  and  down  to 
3  X  10’’  inches,  with  nonlinearity 
within  2  percent,  and  instability 
within  1  percent. 

Means  of  Obtainin9  Varions  Ranges 

To  obtain  an  instrument  with  a 
variety  of  ranges,  any  of  several  ar¬ 
rangements  may  be  used. 

The  oscillator  output  can  be  used 
to  operate  a  superheterodyne  re¬ 
ceiver.  In  this  case,  the  range  of  the 
instrument  may  be  controlled  en¬ 
tirely  by  changing  the  spacing  of 
the  sensitive  capacitor.  The  oscil¬ 
lator  frequency  will  change,  but  the 
frequency  converter  of  the  receiver 
can  be  retuned  so  the  oscillations 
continue  to  be  received. 

It  is  interesting  to  note  that  the 
same  effects  as  are  produced  by 
changing  the  mean  spacing  of  the 
sensitive  capacitor  can  be  had  by  in¬ 
serting  a  variable  capacitor  in  series 
with  the  sensitive  capacitor,  except 
that  the  possible  variation  in  range 
of  the  instrument  will  be  restricted. 
The  linearity  will  be  the  same  for  the 
same  sensitivity  and  stability,  pro¬ 
viding  the  stray  capacitance  is  not 
changed. 

The  oscillator  can  be  operated  at 
the  same  frequency  as  the  discrim¬ 
inator.  In  this  case,  the  range  is 
varied  by  changing  the  sensitivity 
of  the  output  indicator,  but  this  is 
obviously  unsatisfactory  because  of 
its  effect  on  stability,  which  is  then 
greatest  on  the  largest  range,  and  is 
inversely  proportional  to  the  range. 

It  is  better  to  change  the  range  by 
altering  the  mean  spacing  of  the 
sensitive  capacitor,  or  by  changing 
the  value  of  a  series  capacitor,  after 


which  the  oscillator  mean  frequency 
is  readjusted  to  that  of  the  receiver 
by  varying  either  the  inductance  or 
the  stray  capacitance  of  the  oscil¬ 
lator  tuned  circuit.  If  the  inductance 
is  varied  to  retune  the  oscillator,  the 
linearity  is  somewhat  less  than  for 
the  superheterodyne  receiver  tech¬ 
nique  at  small  ranges,  but  is  some¬ 
what  better  at  wride  range.  If  the 
stray  capacitance  is  used  to  readjust 
the  oscillator  frequency,  the  linearity 
is  poor  under  all  conditions  as  com¬ 
pared  with  the  superheterodyne  or 
with  the  variable  inductance  method. 

It  is  possible,  although  difficult  in 
practice,  to  vary  both  inductance  and 
stray  capacitance  simultaneously  so 
that  the  linearity  is  a  constant  for  all 
ranges  below  some  maximum  range. 

The  only  disadvantage  in  the 
superheterodyne  receiver  technique 
is  its  complexity  and  the  fact  that 
two  oscillators  are  involved,  decreas¬ 
ing  the  stability,  unless  the  oscilla¬ 
tors  can  be  made  to  shift  frequency 
in  the  same  direction.  Oscillator 
stabilities  called  for  are  not  extreme. 
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FIG.  10 — ^Method  oi  measuring  surface 
roughness  with  a  copacitlTe  micrometer. 
The  specimen  acts  as  a  fixed  capacitor 
plate 

FIG.  11 — Graphic  recording  of  the  profile 
of  a  polished  surface  between  two 
scratches.  The  discontinuity  midway  be¬ 
tween  the  deep  scratches  indicates  the 
I  unction  of  two  dissimilar  metals 
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Foreseeing  the  value  of  the  se¬ 
curity  afforded  by  the  applica¬ 
tion  of  infrared  viewing  in  certain 
night  operations,  the  National  De¬ 
fense  Research  Committee,  acting 
under  Army  and  Navy  directives, 
undertook  the  development  of  equip¬ 
ment  suitable  for  the  purpose.* 
Basically,  the  infrared  telescopes 
developed  consist  of  an  objective 
for  imaging  the  object  being  viewed 
on  the  photo-cathode  of  an  image 
tube,  the  tube  which  converts  the  in¬ 
frared  image  to  a  visible  image,  and 
an  ocular  for  viewing  the  visi¬ 
ble  reproduction.  The  object  may 
oither  be  self  luminous  in  the  in¬ 
frared  region  of  the  spectrum,  as 
in  the  case  of  a  signal  light,  or  may 


OCULAR 


he  illuminated  by  radiation  from  an 
infrared  spot  or  searchlight.  The 
viewing  ocular  is  so  arranged  that 
the  virtual  image  seen  by  the  ob¬ 
server  approximately  coincides  with 
the  object  viewed  so  that  the  user 
has  the  impression  of  looking 
through  the  instrument  at  the  ob¬ 
ject,  rather  than  that  of  examining 
a  screen  close  to  his  eyes. 

The  general  arrangement  of  two 
types  of  infrared  telescopes  is 
shown  in  Fig.  1.  One  form  em¬ 
ploys  refractive  optics  to  image  the 
scene  on  the  image  tube  cathode, 
the  other  employs  reflective  optics. 
The  former  Has  the  advantage  of 
simplicity  and  greater  depth  of 
focus,  as  is  required  for  short-range 
reconnaissance,  while  the  second 


*  This  paper  is  based,  iu  whole  or  in  |»art, 
■on  work  done  far  the  National  Defense  Re¬ 
search  Con^mittee  on  Contract  OEMsr  169 
«nd  Contract  OEMsr  440  with  Radio  Cor- 
jKtration  of  America. 


FIG.  1 — Schematic  diagrams  oi  two  infrared  telescopes  u^g  the  1P25  tube.  The 
refractiTe  system  at  top  is  useful  for  short  range;  the  reflectire  type  is  more 

suitable  for  long  range 


has  the  extremely  high  sensitivity 
required  of  a  long-range  signalling 
instrument. 

Tube  CoeitructioR 

The  image  tube  forms  the  basis 
of  the  telescopes  and  is  illustrated 
schematically  in  Fig.  2,  together 
with  its  optical  analogue.  It  con¬ 
sists  of  a  photocathode,  a  fluores¬ 
cent  screen  and  an  electron  lens  sys¬ 
tem  contained  in  an  evacuated  glass 
envelope  approximately  4i  inches 
long  and  inches  maximum  diam¬ 
eter.  When  an  infrared  image  is 
focused  on  the  cathode,  electrons 
are  emitted  from  it  with  a  density 
distribution  which  corresponds  to 
the  distribution  of  illumination  on 
the  cathode.  These  electrons  are  ac¬ 
celerated  and  focused  by  the  elec¬ 


tron  lens  into  an  image  which  im¬ 
pinges  upon  the  fluorescent  screen. 
Here  the  electron  energy  is  con¬ 
verted  into  visible  light  reproduc¬ 
ing  the  infrared  image  incident  on 
the  photo-cathode.  The  electron  op¬ 
tical  system  employed  produces  an 
inverted  image  with  magnification 
of  one  half. 

The  electron  lens  system  com¬ 
prises  a  series  of  coaxial  cylinders 
at  various  potentials  as  indicated. 
The  main  imaging  lens  is  between 
the  anode  cylinder  Gt  and  its  neigh¬ 
boring  electrode  Gt.  Between  this 
lens  and  the  cathode  are  a  series  of 
weak  lenses  (G,  and  G,)  which  serve 
to  reduce  curvature  of  the  electron 
image  field  and  minimize  the  “pin¬ 
cushion”  distortion.  To  further  cor¬ 
rect  inherent  image  defects,  the 
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Infrared  telescope  used  by  the  U.  S.  Ncnry 
for  long-range  signoling 


Principle  of  operation  of  the  1P25  type  that  sees  in  the 
dark.  Possible  applications  in  industry,  for  night  flying 
or  driving,  and  hy  law-enforcement  agencies  are  discussed 


Infrared 
IMAGE  TUBE 


RCA  Laboratories 
Radio  Corporation  of  America 
Rrinccton,  Xetr  Jersey 


cathode  is  curved,  with  a  radius  of 
curvature  of  2i  inches.  This  curva¬ 
ture  matches  the  curvature  of  the 
image  field  of  the  reflective  optical 
system  used  in  the  Navy  telescope. 
A  detailed  discussion  of  this  type  of 
electron  lens  system  has  been  pub¬ 
lished  in  connection  with  earlier  in¬ 
vestigations  of  image  tubes.'*  * 


Semi-transparent  Cathode 

To  obtain  high  infrared  sensitiv¬ 
ity,  the  cathode  requires  special 
processing.  A  base  layer  of  silver  is 
first  deposited  on  the  glass  surface 
of  the  tube.  This  layer  is  then  com¬ 
pletely  oxidized  and  processed  with 
additional  silver,  caesium  and  sil¬ 
ver,  with  an  appropriate  thermal 
treatment.  The  cathode  is  semi¬ 
transparent,  so  that  when  illumi¬ 
nated  through  the  glass  electrons 
are  emitted  from  its  inner  face.  The 
sensitivity  of  a  well  activated  cath¬ 
ode  is  20  to  40  microamperes  per 
lumen  for  whole  light.  Its  spectral 
response  has  a  maximum  at  8500  A 
and  extends  to  12000  or  14000  A. 

Synthetic  willemite  was  used  as 
the  phosphor  in  the  1P25.  This 
forms  a  fluorescent  screen  which  is 
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SIMPLE  OPTICAL  ANALOGUE 


FIG.  2 — ^Arrangamant  (d  th«  olactrodaB  in  th«  image  tube,  and  the  potentials  required 
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tached  to  a  carbine,  in  such  a  way 
that  the  telescope  could  be  used  for 
aiming  the  gun.  Since  considerable 
depth  of  focus  was  required  in 
these  applications,  it  was  necessary 
to  use  refractive  optics.  Therefore, 
3i-inch  focal  length  F/2  objectives 
were  provided,  giving  the  telescopes 
an  overall  magnification  of  about 
1.6.  Production  units  of  these  in¬ 
struments  were  developed  by  The 
Engineer  Board  of  the  Army  for 
the  Corps  of  Engineers.  Other 
reconnnaissance  instruments  were 
designed  with  larger,  faster  optics 
which  gave  much  greater  ranges  in 
conjunction  with  infrared  search¬ 
lights. 

The  power  packs  for  the  Snoop¬ 
erscope  and  Sniperscope  presented 
a  special  problem  of  silencing,  since 
these  instruments  were  to  be  used 
under  conditions  where  extreme 
quiet  and  secrecy  were  essential. 
While  the  conventional  rubber 
mounting  of  an  automobile  radio 
type  vibrator  is  effective  for  damp¬ 
ing  out  high  frequency  vibration, 
additional  acoustic  filters  are 
needed  to  remove  low  frequencies. 
Several  stages  of  sponge  rubber 
cushioning  around  the  usual  vibra¬ 
tor  can  were  found  to  be  sufficient 
to  bring  the  noise  level  below  the 
maximum  permissible  value. 

The  preceding  discussion  includes 
only  the  military  application  of  in¬ 
frared  telescopes.  There  are  a  num¬ 
ber  of  interesting  peacetime  uses 
for  this  type  of  device,  in  police 
service,  science,  industry  and  medi¬ 
cine.  The  requirements  to  be  met 
for  many  of  these  problems  are 
very  different  from  those  of  mili¬ 
tary  equipment  and  entirely  new  in¬ 
struments  are  needed  to  fulfill  them. 

The  authors  wish  to  express  their 
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supply  in  that  use  is  made  of  the 
relatively  high  voltage  peak  appear¬ 
ing  across  the  tuned  primary  of  the 
transformer  when  the  magnetic 
field  collapses  as  the  primary  circuit 
is  opened  by  the  vibrator.  The  ef¬ 
fective  primary  voltage  can  thus  be 
made  ten  to  twenty  times  greater 
than  the  battery  voltage.  This 
makes  possible  a  great  reduction  in 
the  size  of  the  transformer.  A  cir¬ 
cuit  diagram  of  this  type  of  vi¬ 
brator  power  supply  is  shown  in 
Fig.  4. 

Since  no  rectifier  was  available 
which  met  the  voltage  requirements 
and  at  the  same  time  was  of  small 
size  and  low  filament  consumption, 
a  special  tube  was  developed.  This 
tube  is  shown  in  Fig.  5  and  is  now 
manufactured  as  type  1654.  In  the 
circuit  shown  it  will  deliver  100 
microamperes  at  5,000  volts. 

While  a  high  degree  of  overall 
voltage  stability  is  not  required,  it 
is  essential  that  the  ratio  of  voltages 
on  the  various  electrodes  remain 
constant.  This  necessitated  consid¬ 
erable  care  in  the  design  of  the  re¬ 
sistance  voltage  divider,  because  a 
majority  of  resistors  of  the  high 
value  needed  for  this  application  are 
not  ohmic  and  have  large  thermal 
coefficients.  However,  by  a  proper 
choice  of  components,  it  is  possible 
to  design  dividers  in  such  a  way 
that  the  variations  compensate  one 
another  and  the  voltage  ratios  re¬ 
main  constant  over  a  temperature 
range  of  from  —  40C  to  -I-75C  and 
for  a  considerable  range  of  battery 
voltages. 


FIG.  5 — New  high-voltage  rectifier  tube, 
type  1654 

two  types  of  telescopes.  Included 
were  instruments  for  night  driving 
and  flying,  telescopes  for  signalling 
and  marker-liglit  identification, 
reconnaissance  equipment,  and  gun 
aiming  units.  A  number  of  types 
was  used  in  quantity  by  the  Armed 
Forces  during  the  war.  Among 
them  were  the  Navy  infrared  tele¬ 
scope,  the  Snooperscope  and  the 
Sniperscope. 

The  Navy  infrared  telescope  was 
primarily  a  marine  signalling  in¬ 
strument.  It  employed  a  2i"  focal 
length  F/0.9  reflective  type  objec¬ 
tive,  to  give  high  sensitivity  and  a 
wide  angular  field  of  view.  With  it, 
signal  light  communication  could 
be  carried  out  over  distances  of 
many  miles  with  no  visible  light. 
The  Snooperscope  consisted  of  a 
During  the  course  of  the  project,  monocular  telescope  and  an  infrared 
a  wide  variety  of  instruments  was  source  mounted  on  a  suitable  han- 
developed  for  different  applications,  die.  The  Sniperscope  employed  an 
based  on  one  or  the  other  of  the  identical  telescope  and  source  at- 
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FIG.  4 — Circuit  of  5,000-Tolt  pocket-size  power  supply 
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Composite  Tank  Circuit 

TTnf  By  PIER  L.  BARGELLINI 

^  Florence,  Italy 


To  obtain  a  physical,  external,  tank  circuit  at  the  highest  frequency  at  which  a  negative-grid 
triode  will  oscillate,  the  resonant  transmission  line  is  inserted  into  a  cavity  that  both  stabil¬ 
izes  the  circuit  and  provides  coupling  to  the  output 


T  HIS  article  has  an  interesting  his- 
'  tory.  The  author  sent  his  manu¬ 
script  to  a  radio  amateur  friend  in 
America  who  forwarded  it  to 
ELECTRONICS.  The  editors  wrote 
to  the  author  asking  for  additional 
photographs.  To  their  question  the 
author  replied  that,  although  he  would 
be  glad  to  send  them,  unfortunately 
the  retreating  Germans  had  dis¬ 
mantled  the  laboratory  of  the  Fivre 
plant  in  Florence  at  which  the  experi¬ 
ments  had  been  conducted 


FIG.  1 — The  combination  of  interelectrode  capacitances  and  tube  lead  inductances, 
plus — if  necessary — externally  added  inductance,  gives  a  high-frequency  oscillator 
(A)  which  is  basically  a  Colpitts  circuit  (B) 


Kn  oscillator  of  novel  design  is  for  a  certain  tube  by  its  internal  in- 
described  which  makes  possible  ductances  and  capacitances.  The 
the  generation  of  frequencies  up  to  arrangement,  among  other  advan- 
and  beyond  the  limit  frequency  fixed  tages,  facilitates  the  extraction  of 


Uhf  oscillations  are  obtained  from  negative-grid  triode  by  inserting  the  transmission 
line  tank  into  a  cavity  resonator 


the  oscillatory  emergy  from  the  tube 
and  its  transfer  to  the  load. 

Fundamentally  the  arrangement 
consists  of  two  features:  (1)  cancel¬ 
lation  of  the  residual  impedance  of 
the  tube  elements  and  leads,  and  (2) 
prevention  of  parasitic  oscillation. 

Operating  Principle 

The  internal  impedance  of  the  tube 
was  found,  by  experimentation,  to  be 
inductive  at  lower  frequencies,  but 
to  become  capacitive  as  the  upper 
frequency  limit  of  the  tube’s  oscil¬ 
lating  range  was  approached.  To 
cancel  this  internal  tube  impedance 
using  a  shorted  transmission  line  as 
a  resonant  circuit,  requires  making 
the  line  shorter  than  a  quarter  wave¬ 
length  over  the  lower  frequency 
range.  The  highest  attainable  fre¬ 
quency  is  reached  when  the  induc¬ 
tance  of  the  short  across  the  tube 
equals  the  internal  tube  capacitance. 

By  using  an  open  transmission 
line  as  the  resonant  circuit,  it  is 
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After  selection  of  a  certain  tube, 
values  of  internal  inductive  ele¬ 
ments  L/  and  L/  are  fixed,  along 
with  the  internal  capacitance  value. 


"  C,,  -h  C., 

The  only  variable  elements  are 
therefore  the  external  inductances 
L,  and  L,. 

At  the  higher  frequencies  these 
inductances  conveniently  assume 
the  form  of  a  transmission  line  sec¬ 
tion*,  either  of  the  coaxial  or  of  the 
parallel-wire  type,  having  a  length  d 
usually  shorter  than  one  quarter 
wavelength,  such  as  to  locate  be¬ 
tween  points  A  and  B  of  Fig.  2A  a 
reactance 

A' L  =  jZii  tan  2  wd/  X  , 

where  Zo  is  the  characteristic  im¬ 
pedance  of  the  line.  The  circuit  of 
Fig.  lA  takes  then  the  aspect  illus¬ 
trated  in  Fig.  2A.  It  is  evident 
from  the  above  mentioned  facts  and 
from  Eq.  2  that  extremely  high  fre¬ 
quencies  are  reached  giving  to  the 
external  elements  the  least  react¬ 
ance  value,  this  being  obtained 
when  both  Z,  and  d  are  small. 

It  was  also  suggested  to  use  spe¬ 
cial  tubes  of  cylindrical  electrode 
construction,  so  as  to  simulate 
within  the  tube  the  continuation  of 
an  external  coaxial  line  having  a 
convenient  value  of  characteristic- 
impedance*.  In  this  case  the  line  is 


Any  cority  shape  can  be  used  for  the  composite  tank  circuit.  Energy  con  readily 
be  withdrawn  from  the  cority  through  a  suitably  placed  slit 


necessary,  over  the  lower  frequency 
range,  to  make  the  line  longer  than  a 
quarter  wavelength  to  present  to  the 
tube  the  necessary  capacitive  react¬ 
ance.  In  this  way  the  physical,  ex¬ 
ternal  tank  from  which  power  is 
coupled  is  enlarged,  which  is  advan¬ 
tageous.  At  the  upper  end  of  the  fre¬ 
quency  range  where  the  input  to  the 
grid-plate  is  capacitive,  the  line  must 
present  an  inductance,  which  it  does 
if  it  is  shorter  than  a  quarter  wave¬ 
length,  but  has  some  physical  size. 

Again  the  tank  is  large  enough  to 
permit  coupling  to  an  output  circuit. 

However,  such  an  open  line  is  un¬ 
stable  in  an  oscillator,  therefore  a 
cavity  is  coupled  to  it.  In  addition  to 
providing  shielding  for  the  resonant 
circuit,  the  cavity  also  cooperates 
with  the  line  tank  to  sustain  an  oscil¬ 
lating  field  only  at  the  frequency  for  tions  which  were  confirmed  by 
which  both  line  and  cavity  are  reso-  later  experiments, 
nant.  The  two  circuits  do  not  have 
parasitic  or  higher  modes  at  the 
same  frequencies,  thus  only  the  one 
frequency  is  maintained. 

Among  several  circuits  proposed 
for  negative-grid  triode  oscillators 
the  layout  reproduced  in  Fig.  lA, 
which  as  Fig.  IB  indicates  is  a  der¬ 
ivation  of  the  Colpitts  circuit*,  of¬ 
fers  some  particular  advantages. 

These  advantages  were  emphasized 
in  a  recent  comparative  study* 
starting  with  theoretical  considera- 


Table  1 — Reactance  of  Transmio- 
sion  Line  Used  in  Composite  Tank 


FIG.  2 — (A)  Transmission  line  version  of 
the  circuit  at  Fig.  lA.  (B)  Extension  of  line 
beyond  feed  points  gives  longer  phyidcol 
tank  without  increasing  the  wavelength 


Basic  Oscillotor  Circeits 


The  oscillatory  circuit  is  com¬ 
posed  of  the  external  inductances 
L,  and  L„  the  internal  inductances 
L/  and  L/,  and  the  capacitance  C 
resulting  from  the  combination  of 
the  three  internal  capacitances  of 
the  tube — and  C,r.  The 
capacitor  C'  is  of  very  high  suscep- 
tance  and  is  chiefly  used  as  a  bypass 
and  blocking  capacitance  respec¬ 
tively  for  r-f  and  d-c  components. 
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— 

40 

0.24 

— 

42 

0.26 

+ 

Tube  type  1628 

->9 

0.2S 

0 

•>3 

0.26 

+ 

M) 

0.27 

-1- 

:o 

0.31 

-t- 

Tube  type  UOI60 

:*o 

0.24 

hO 

0.25 

« 

:o 

0.26 

+ 

Tube  type  T86 

70 

0.20 

80 

0.22 

Quarter-wave  stubs  can  be  used  in  place  oi  inductances  to  prevent  reaction  on  the 

tank  from  the  feed  lines 


no  longer  affected  by  plate-grid  ca¬ 
pacitance  C,e,  being  in  effect  loaded 
only  by  the  capacitance  formed  by 
the  series  connection  of  C,f  and  ; 
the  resulting  length  of  the  line  is 
therefore  greater. 

Nevertheless,  for  a  given  tube,  a 
certain  frequency  is  reached  for 
which  the  external  inductance  re¬ 
duces  itself  to  the  shortest  possible 
connection  between  plate  and  grid 
leads.  It  might  be  possible,  how¬ 
ever,  provided  certain  cares  are 
taken  ,to  reach  also  in  this  case  the 
condition  of  steady  oscillation,  but 
the  circuit  has  no  practical  impor¬ 
tance  because,  in  absence  of  any  ex¬ 
ternal  circuit,  it  is  extremely  diffi¬ 
cult  or  even  impossible  to  extract 
from  the  tube  the  eventually  avail¬ 
able  amount  of  oscillatory  energy. 

It  must  be  remembered,  in  this 
connection,  that  tube  catalogues 
often  have  near  the  indication  of 
the  value  of  this  extreme  frequency, 
which  is  also  called  limit  frequency, 
the  following  notice :  “Resonant  fre¬ 
quency  of  the  grid-plate  circuit 
when  the  grid  is  connected  to  the 
plate  through  the  shortest  possible 
connection.  Output  power  approxi¬ 
mately  zero.” 

Circuit  Modification 

In  addition  to  transit  time  effects, 
fundamentally  influent  at  these  ex- 


Table  II — Parameters  of  Tubes 
Used  tn  Composite  Tank  Circuit 
Oscillators 


I'ube  typ«* 

UC20 

1628 

UG160 

rs6 

Plato 

diasipatioD 
in  watto 

20 

40 

160 

200 

Filament 
potential 
■n  volts 

3.5 

2 

Filament 
current 
in  amperes 

3.5 

3.25 

IS 

31 

Mutual 
conductance 
in  ^mhos 

2000 

3000 

5000 

5000 

Amplification 

factor 

20 

23 

18 

10 

iirid-pUto 
capacitance 
in  it/d 

1.5 

2 

3.5 

5 

*  >rid-filament 
capacitance 
in  Hilt 

1.75 

2 

3 

4.5 

1  dato-filamen  t 
capacitance 

0.3 

0.5 

0.8 

1.5 

in  iiiJ 


Not«:  Thwa  tubes  are  made  by 
r  ivro,  a  Efiropean  maDufacturors 


treme  frequencies  but  not  included 
in  this  study,  it  must  be  stated  that 
in  most  cases  the  problem  of  the 
practical  use  of  a  given  tube  is 


FIG.  3 — (A)  The  circuit  oi  Fig.  2B  does  not 
oscillate  in  the  desired  mode  unless  the 
line  is  inserted  in  a  cavity.  (B)  A  modiiica- 
tion  is  to  loop  one  oi  the  lines  in  the  cavity 
back  on  itseli.  bringing  its  end  out  of  the 
cavity  for  coimection  to  the  d>c  feed  line 

mainly  a  problem  of  circuits.  There¬ 
fore,  considerations  on  some  varia¬ 
tions  of  the  basic  circuit  will  be  dis¬ 
cussed. 

Referring  to  Fig.  2A  it  is  worth¬ 
while  seeing  what  takes  place  when 


the  capacitance  C',  previously  used 
as  a  bypass,  is  made  small.  Then 
between  points  A  and  B  an  imped¬ 
ance  will  be  found  equal  to 
Zd  +  jZo  tan  2  vd/  X 
^  Zo  -t-  jZd  tan  2  xd/  X 

which,  because  Zd  =  reduces 

itself  to  a  reactance 

(tau2vd,  X)-(l/u,C^Zo) 

(tan  2  xd! X)/(u,  C' Zo) 

the  value  of  which  is  determined 
not  only  by  the  characteristics  of 
the  line  but  also  by  the  end  re¬ 
actance  due  to  C'. 

It  is  easy  to  see  that,  with  all 
other  conditions  unchanged,  when 
C'  assumes  decreasing  values  the 
resonance  condition  is  reached  when 
the  length  of  the  line  is  increased. 
If  C'  =  0,  the  line  length,  taking 
into  account  the  loading  effect  of 
the  tube,  which  as  before  is  less 
than  a  quarter  wavelength,  will  be 
now  between  one-quarter  and  one- 
half  wavelength. 

To  provide  an  external  circuit  of 
greater  extension,  the  oscillator 
could  be  arranged  according  to  the 
layout  illustrated  in  Fig.  2B  where 
a  possible  distribution  of  the  r-f 
voltage  on  the  line  is  also  indicated, 
the  d-c  voltages  being  applied  to  the 
points  Af,  iV  of  the  line  at  which 
there  is  the  minimum  r-f  potential. 
Proceeding  further  in  the  study  of 
the  condition  C'  =  0,  consider  a 
certain  line  for  which 

Xab  =  —  jZt  <x)i2xdf\  (5) 
The  line  length  should  be  such  as  to 
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Internal  disposition  of  lines  indicates  that  they  act  as  a  resonant  electric  and 
magnetic  exciter  for  the  cavity 


place  between  points  A  and  B,  for 
increasing  values  of  frequency, 
first  a  decreasing  inductive  react¬ 
ance,  then  a  zero  resistance,  and 
finally  an  increasing  capacitive  re¬ 
actance.  In  the  last  case  the  only 
inductive  elements  of  the  circuit 
are  the  internal  inductances  L/  and 
L/.  The  limit  frequency  would  be 
reached  when  the  inductive  react¬ 
ance  between  A  and  B  would  equal 
the  reactance  of  the  shortest  pos¬ 
sible  connection  between  plate  and 
grid  lead,  the  frequency  of  the 
eventually  generated  oscillations 
becoming  therefore  higher  than  the 
limit  frequency  when  a  zero  resis¬ 
tance,  or  better,  a  capacitive  react¬ 
ance  would  be  placed  between  points 
A  and  B.  The  oscillations  will  stop, 
apart  from  transit  time  effects, 
when  the  Q  of  the  circuit  reaches 
too  low  a  value. 

Experience  indicates,  however, 
and  theoretical  consideration  con¬ 
firms  that  while  it  is  possible  in 
reality  to  produce  with  the  circuit 
of  Fig.  2B  steady  oscillations  at 
relatively  low  frequencies,  at  higher 
frequencies  the  same  circuit  fails 
because  either  no  oscillations  at  all 
are  generated,  or  they  start  on  a 
lower  parasitic  frequency  corres¬ 
ponding  to  the  closed-end  line  case 
illustrated  in  Fig.  2A,  the  capaci¬ 
tance  C'  being  formed  in  some  way 


by  the  d-c  feed  wires  and  by  the 
protruding  line  sections. 

Advantages  of  Composite  Tank 

During  an  investigation  on  var¬ 
ious  circuits  proposed  for  uhf  gen¬ 
erators  a  new  method  which  en¬ 
tirely  removes  the  above-mentioned 
difficulties  was  evolved.  The  start 
was  made  with  the  idea  to  design  an 
oscillator  using  triodes  connected  to 
cavity  resonators®  in  such  a  way  as 
to  reduce  the  loading  of  the  reso¬ 
nator  by  the  tubes*. 

A  new  circuit  was  obtained  using 
the  disposition  of  Fig.  2B  to  intro¬ 
duce  the  transmission  line  section 
in  a  convenient  cavity  resonator. 
When  the  oscillation  of  the  line  cir¬ 
cuit  is  compatible  with  that  of  the 
cavity  a  quite  regular  operating 
condition  is  reached  thanks  to  the 
cavity  itself.  Oscillations  stop  im¬ 
mediately,  however,  when  the  line 
is  taken  out  of  the  resonant  space. 
Figure  3A  shows  an  oscillator  of  the 
new  type  using  a  cylindrical  reso¬ 
nator.  The  resonator  performs  the 
following  functions: 

(1)  Blocks  oscillations  of  lower 
spurious  frequencies  such  as  those 
obtained  from  the  circuit  of  Fig.  2A. 

(2)  Exalts  oscillations  of  the  de¬ 
sired  frequency  when  the  frequency 
pertinent  to  the  line  and  tube  cir¬ 
cuit  is  equal  or  close  to  the  fre¬ 


quency  corresponding  to  certain 
modes  of  vibration  of  the  resonator. 

(3)  Stabilizes  frequency. 

(4)  Completely  screens  those 
parts  of  the  circuit  subject  to  high 
r-f  voltages. 

(5)  Provides  a  coupling  element 
between  tube  and  load. 

Many  experiments  carried  on 
with  different  types  of  tubes  and 
resonators  working  in  the  fre¬ 
quency  range  from  300  to  1000  me 
confirmed  the  above  stated  ideas. 
Circuits  were  realized,  all  exhibit¬ 
ing  regular  and  relatively  highly 
efficient  operation.  Several  labora¬ 
tory  models  are  depicted  elsewhere 
in  this  article. 

Direct  voltages  are  brought  to 
the  tube  through  chokes  or  conven¬ 
ient  lengths  of  coaxial  transmission 
lines.  Either  grid  or  plate  can  also 
be  fed  by  bending  one  of  the  line 
conductors  on  itself  as  shown  in 
Fig.  3B  until  it  protrudes  from  the 
resonator  base  and  can  be  grounded 
to  it  at  the  feed  point  through  a 
suitable  bypass  capacitor.  In  this 
case  the  connection  between  tube 
and  resonator  becomes  particularly 
suggestive ;  the  internal  electric 
field  excites  the  plate  rod  and  the 
internal  magnetic  field  embraces  the 
bent  conductor  forming  the  grid 
turn." 

The  cathode  circuit  will,  as  usual 
at  these  frequencies,  comprise  a  re¬ 
actance  sufficient  to  attain  regen¬ 
eration,  this  reactance  being 
formed  by  a  choke  or  by  a  conven¬ 
ient  length  of  a  transmission  line. 

By  collecting  all  the  data  from 
the  many  oscillators  which  have 
been  constructed  and  operated,  it 
has  been  possible  to  trace  the 
graphs  of  Fig.  4,  where  for  four 
different  types  of  tubes,  the  lengths 
of  the  elements  I,  and  1,  appear  as 
functions  of  the  generated  wave¬ 
length.  These  lengths  were  meas¬ 
ured  after  having  experimentally 
reached  the  optimum  operating  con¬ 
ditions. 

No  indications  are  reported  here 
about  the  resonators  actually  em¬ 
ployed  because  all  the  more  usual 
forms  (cylindrical,  spherical,  or 
prismatic)  gave  satisfactory  re¬ 
sults.  So  far  as  the  dimensions  of 
the  resonators  are  concerned,  it  was 
experimentally  found  that  those 
making  the  fundamental  frequency 
of  the  cavity  fall  between  0.95  and 


118 


September,  1946  —  ELECTRONICS 


0.70  times  the  frequency  of  the  gen¬ 
et  ated  oscillations  were  particularly 
convenient,  the  higher  value  becom¬ 
ing  more  critical  at  the  highest  fre¬ 
quencies  obtained  with  any  tube. 

It  will  be  noticed  that  the  line 
conductor  tied  to  the  plate  is  longer 
than  the  conductor  tied  to  the  grid. 
The  transmission  line  section  is 
therefore  no  longer  symmetrical. 
This  external  asymmetry  is  neces¬ 
sitated  by  the  internal  asymmetry 
of  the  tube  capacitances  (usually 
C„  is  greater  than  C,,).  A  similar 
effect  is  also  to  be  found  on  the  os¬ 
cillators  of  the  closed-end  line  type 
(Fig.  2 A)  in  which  the  minimum 
r-f  voltage  is  usually  not  found  on 
the  shorting  bar  but  rather  some¬ 
what  displaced  toward  the  grid  ter¬ 
minal.  At  higher  frequencies  a  cer¬ 
tain  compensation  takes  place  which 
is  possibly  due  to  the  distribution 
of  voltages  in  the  tube  and  event¬ 
ually  associated  with  transit  time 
effects. 

Taking  the  average  length  /'  = 
+  ^)/2  it  is  found  that  the  ratio 
of  it  to  the  generated  wavelength  is 
actually  greater  than  0.25  for  the 
lower  frequencies,  for  which  an  in¬ 


ductive  reactance  is  required  be¬ 
tween  points  A  and  B.  The  ratio 
exactly  equals  0.25  when  between 
points  A  and  B  there  is  localized  a 
zero  resistance.  The  ratio  is  less 
than  0.25  for  the  higher  frequencies 
for  which  a  capacitive  reactance  is 
found  between  points  A  and  B.  Ta¬ 
ble  I  summarizes  the  results  for  the 
four  types  of  tubes  used.  (Char¬ 
acteristics  of  these  tubes  are  listed 
in  Table  II.)  It  is  easily  seen  how 
closely  experiments  confirm  the 
theory. 

The  importance  of  the  internal  in¬ 
ductances  Lp'  and  L/  and  of  the  in¬ 
ductances  of  the  connecting  leads 
must  not  be  overlooked.  Take  for 
instance  the  experimental  data 
about  tube  type  1628,  operating 
with  a  line  composed  of  two  parallel 
conductors  having  a  diameter  of  10 
mm  and  a  spacing  of  28  mm  and 
thus  possessing  a  characteristic  im¬ 
pedance  of  203  ohms.  The  values  of 
the  line  reactance  Xab  and  those  of 
the  inductance  Lab  appearing  in  Ta¬ 
ble  III  were  calculated.  The  table 
indicates  also  the  values  of  induct¬ 
ance  LbBS  required  to  attain  reso¬ 
nance  with  the  capacitance  offered 


Table  111 — ComparitHin  uf  Line  uiul 
Lead  Inductances 


The  following  values  were  calculated  from 
data  taken  on  a  FIVRE  type  1628  triode  oper- 
ting  into  a  line  of  203  ohms  characteristic 
impedance.  The  total  shunt  tube  capacitance, 
calculated  from  values  given  in  Table  III,  is  2.33 
Blif 


X  in  cm 

70 

60 

49 

/  in  me 

428 

300 

613 

1'  in  cat 

21.8 

17.0 

12.2 

Xab  in  duns 

J82.2 

J43.1 

0 

Lab  in  ^h 

0.0306 

0.0137 

0 

Lbbs  in  Mb 

0.0594 

0.0434 

0.0290 

Lrdl  in  Mb 

0.0288 

0.0297 

0.0290 

by  the  tube,  and  also  gives  the  value 
of  the  residual  inductance  Lkdl  = 

LbBB  -  LaB^ 

It  is  seen  that  at  the  wavelength 
of  70  cm  the  residual  inductance  is 
of  the  same  order  of  magnitude  as 
the  line  inductance,  while  at  the 
wavelength  of  49  cm  the  only  in¬ 
ductance  in  the  circuit  is  in  effect 
the  residual  one. 

In  the  description  of  the  func¬ 
tions  which  the  resonator  performs 
in  this  circuit,  mention  has  been 
made  of  the  coupling  to  an  external 
load.  For  obtaining  such  a  coupling 
one  has  to  follow  the  usual  resona¬ 
tor  technique.  Probes  or  turns  may 
be  employed  at  will,  respectively 
giving  either  electric  or  magnetic 
coupling.  Another  method  is  to  use 
a  partially  opened  resonator  when 
the  oscillatory  energy  has  to  be 
radiated  into  space.  Having  elimin¬ 
ated  any  intermediate  circuit,  one 
obtains  a  high  overall  efficiency*.  In 
addition  a  suitable  electromagnetic 
horn*  can  be  applied  to  the  partially 
opened  resonator  to  obtaip  direc¬ 
tional  characteristics. 
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FIG.  4 — Grid  and  plate  line  lengths  os  functions  of  wavelengths  for  the  composite 
tank  of  on  oscillator  were  plotted  from  data  taken  on  about  twenty  different  oscillators, 
some  oi  which  are  illustrated  in  this  article 
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Electron  beam  deflection  in  kinescopes  and  camera  tubes  is  provided  by  this  saw-tooth  cur¬ 
rent  oscillator  in  conjunction  with  the  horizontal  deflection  yoke.  Full  deflection  with 
excellent  linearity  is  obtained  in  a  12-inch,  38-degree  kinescope 
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FIG.  1 — Circuit  oi  saw-tooth  current  oscil- 
lotor  Lued  to  teed  horizontal  deflection  yoke 

The  suggestion  of  using  the  out¬ 
put  voltage  across  the  horizon¬ 
tal  winding  of  the  deflection  yoke 
in  a  cathode-ray  tube  for  triggering 
the  sweep  output  tube  has  been  fre¬ 
quently  considered  in  the  past.  In 
a  conventional  television  receiver, 
for  instance,  a  blocking  oscillator 
and  a  discharge  tube  may  be  elimi¬ 
nated  if  the  horizontal  output  tube 
is  made  to  oscillate  and  produce  a 
saw-tooth  waveform. 

Problen 

Saw-tooth  current  oscillators  have 
been  described  in  the  literature^’  * 
and  patents.*  '  Practically  all  the 
saw-tooth  current  generators  re¬ 
ferred  to  had  four  inadequacies  in 
common : 

(1)  Lack  of  linearity  in  the  long 
portion  of  the  saw-tooth  wave. 

(2)  Interdependence  of  the  ampli¬ 
tude  and  frequency  controls,  making 
the  adjustment  of  the  device  very 
difllcult.  In  some  cases,  to  permit 
amplitude  variation  without  falling 
out  of  synchronization,  a  wide  lock¬ 
ing-frequency  range  was  required. 


making  necessary  the  use  of  large 
synchronizing  pulses.* 

(3)  DiflSculty  of  synchronization. 
Most  generators  described  in  the 
literature  require  large-amplitude 
signals  for  lock-in,  and,  due  to  their 
instability,  have  to  follow  the  sig¬ 
nals  over  a  wide  range,  tending  to 
make  the  deflection  susceptible  to 
noise  disturbances.  Farnsworth*  pro¬ 
posed  high-impedance  (auxiliary 
grid)  injection  of  the  synchronizing 
pulses,  in  a  system  where  the  effect 


FIG.  2 — ^Bouc  circiiit  oi  a  reactiTe  saw¬ 
tooth  current  oscillator 

of  this  auxiliary  electrode  was  less 
than  that  of  the  oscillator  grid. 

In  the  last  few  years  the  superior- 
operation  of  automatic  frequency- 
controlled  type  of  deflection  has  been 
demonstrated  as  compared  to  the 
more  conventional  lock-in  type  of 
synchronization.  This  type  of  ope¬ 
ration  requires  a  sensitive  reaction 
of  frequency  change  to  a  small 
change  of  applied  direct  potential. 
Such  control  was  not  provided  in  the 
oscillators  referred  to  above. 

(4)  Lack  of  stability.  In  some 
applications,  such  as  non-synchron- 
ized  picture  sources,  when  no  con¬ 
venient  stable  frequency  source  is 
available  for  locking  the  oscillator, 
it  is  highly  desirable  to  keep  the 
scanning  frequency  constant.  This 
requirement  is  not  fulfilled  even  by 


conventional  pulse  generators  (such 
as  blocking  oscillators  and  multi¬ 
vibrators)  unless  stabilizing  circuits 
are  provided. 

Besides  these  general  faults,  prac¬ 
tically  all  the  schemes  have  further 
disadvantages  peculiar  to  their  par¬ 
ticular  design.  For  example,  Rhea’s 
circuit*  requires  the  yoke  circuit  to 
have  an  alternating  potential  to 
ground,  increasing  crosstalk  difficul¬ 
ties.  In  Wheeler’s  and  Bahring’s 
circuits,  the  tube  grids  are  loaded 
considerably.  In  spite  of  these  dis¬ 
advantages,  saw-tooth  current  oscil¬ 
lators  were  used  in  Europe,  where 
tube  cost  considerations  outweighed 
the  shortcomings  of  these  circuits. 

The  circuit  shown  in  Fig.  1  is 
practically  free  from  the  faults  de¬ 
scribed,  and  is  more  economical  than 
most  of  the  prior  saw-tooth  current 
oscillators.  To  fully  understand  its 
operation,  it  may  be  advisable  to 
review  the  fundamentals  of  saw¬ 
tooth  current  generation  in  electro¬ 
magnetic  deflection  circuits. 

Botic  Priaciples 

A  reactive  saw-tooth  current  gen¬ 
erator  is  shown  in  its  idealized  form 
in  Fig.  2.  The  battery  symbol  E, 
represents  a  power  source  (which 
can  be  replaced  by  a  charged  capaci¬ 
tor)  ;  5  is  an  ideal  switch  capable 
of  high-speed  operation,  able  to 
withstand  high  voltages  in  its  open 
position,  and  having  perfect  bidi¬ 
rectional  conduction  in  its  closed 
position;  L  represents  the  induct¬ 
ance  of  the  yoke,  and  C  the  incidental 
capacitance.  For  the  time  being,  no 
resistance  is  assumed  anywhere  in 
the  circuit 

When  the  switch  is  first  closed 
(Fig.  8,  curves,  time  t).  the  current 
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will  increase  linearly  with  time  ac¬ 
cording  to 

di/dt  =  Eb/L 

until  at  time  U  the  switch  is  opened. 
The  current  stored  in  inductance  L 
will  then  be  discharged  through  ca¬ 
pacitor  C  in  an  oscillatory  manner. 
The  solution  for  the  equilibrium 
equation  is 


E  B  t  \ 

'  “  "  IW  ““ 

If  the  switch  is  then  closed  at  time 
ti  at  the  end  of  a  half  period  of  the 
self  resonance,  the  inductance  re¬ 
turns  its  energy  to  the  battery  again 
with  a  current  linearly  changing 
with  time  until  at  which  time 
there  is  a  current  equilibrium,  and 
from  there  on  the  battery  will  de¬ 
liver  current  in  a  linear  manner  to 
the  yoke  again. 

If  there  were  no  resistance  in  the 
circuit,  and  a  perfect  switch  could 
be  provided,  no  external  energy 
would  be  required  to  provide  a  saw¬ 
tooth  current  (which  would  be  a 
wattless  current  in  that  case,  and  the 
purely  reactive  load  would  behave 


Th«  ouembled  oscillator  transiormsr  has 
iour  pie  windings.  Construction  dstails  ars 
giTsn  undor  Spociiications 


the  same  way  as  zero  power-factor 
loads  behave  with  sinusoidal  cur¬ 
rents).  By  deflecting  the  electron 
beam  periodically,  there  is  actually 
no  work  done;  the  reactance  of  the 
yoke  acts  as  a  fly-wheel  moving  the 
beam  bidirectionally. 

In  Fig.  3,  curve  a  represents  the 
voltage  that  would  appear  to  the  left 
of  dotted  line  A  in  Fig.  2  if  no  load 
were-  applied  to  the  battery-switch 
combination.  Curve  h  shows  the  cur¬ 
rent  flowing  through  the  inductance, 
and  curve  c  shows  the  voltage  ap¬ 
pearing  across  the  inductance, 

El=^I^ 

4t 

It  may  be  observed  that  the  form  of 
this  voltage  is  substantially  identical 
with  the  required  input  voltage.  This 
voltage  is,  however,  far  greater  than 
the  input  voltage,  the  ratio  being 

El  =  IAIEb*-^-^ 

<3  — 

Since  the  yoke  always  has  some 
resistance,  the  current  going  into  the 
yoke  has  to  satisfy  the  equation 

iR  L  di/dt  =  Eb 

and  it  will  take  the  exponential  form 


spoiling  the  linearity  of  the  saw¬ 
tooth.  Greater  difficulties  are,  how¬ 
ever,  encountered  with  the  resistance 
of  the  switch.  Normally  a  grid-con¬ 
trolled  electron  tube  is  used  for  this 
purpose,  with  a  resistance  many 
times  that  of  the  resistance  in  the 
yoke.  We  may  resort  to  impedance 
transformation,  but  a  limit  is  found 
by  the  fact  that  the  return  time  is 
determined  by  the  inductance  and 
the  distributed  capacitance  of  the 
transformer 

(fa  —  (,=  Z  \/  LC). 

Another  difficulty  is  met  by  the 
fact  that  the  electron  tube  is  not  bi¬ 
directional.  It  does  not  conduct  until 
the  yoke  is  discharged,  and  the  volt¬ 
age  across  the  yoke  retains  its  oscil¬ 


FIG.  3 — Current  and  Toltaqe  variations  in 
the  circuit  of  Fig.  2  when  the  switch  is 
operated 


FIG.  4 — Elements  of  basic  damping  circuit 
that  acts  like  the  switch  of  Fig.  2 


latory  nature  until  the  voltage  across 
it  drops  below  the  supply  potential, 
at  which  time  the  plate  of  the  tube 
becomes  positive  again.  In  Fig.  3, 
curve  d  shows  the  potential  across 
the  yoke  under  this  condition,  while 
curve  e  shows  the  corresponding 
current  flowing  through  the  yoke. 

Damping  Tube 

Blumlein®  proposed  the  connection 
of  an  inverted  diode  across  the  in¬ 
ductance  to  damp  the  oscillation  and 
to  act  as  the  switch  during  the  period 
while  the  amplifier  tube  is  not  con¬ 
ducting  due  to  reversed  potential  on 
its  plate.  The  analysis  of  the  ope¬ 
ration  of  the  damping  tube  has  been 
described  in  detail  in  patent  litera¬ 
ture.’* 

The  damped  output  circuit  is 
shown  in  its  simplest  form  in  Fig.  4. 
The  output  tube  Vi  is  pulsed  by  a 
grid  voltage  as  shown,  and  builds 
up  the  current  exponentially  in  the 
yoke  due  to  its  own  resistance  R,  and 
the  resistance  in  the  yoke  R,  until 
the  grid  is  biased  beyond  cutoff  by 
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the  pulse  (this  pulse  must  be  of  con¬ 
siderable  amplitude  since  the  plate 
voltage  during  the  return  time  as¬ 
sumes  a  very  high  value).  At  this 
time  the  yoke  current  begins  its  de¬ 
caying  oscillation  until  the  potential 
across  it  becomes  larger  than  at 
which  time  the  damper  tube  starts  to 
conduct  and  maintains  a  constant 
potential  across  the  yoke. 

Figure  5  shows  the  currents  flow¬ 
ing  through  the  output  tube  (7  of 
F,)  and  the  damper  tube  (/of  F*) ; 
it  may  be  seen  that  they  add  in  the 
form  of  a  linear  total  current  out¬ 
put.  This  operation  was  frequently 
compared  to  the  push-pull  operation 
of  class  B  amplifiers. 

The  Tolson  and  Wheeler  patents 
each  show  the  use  of  a  grid-con- 
trolled  damping  tube'-  *  to  change  the 
impedance  of  the  damper,  and  there¬ 
by  improve  the  linearity  of  the  saw¬ 
tooth.  The  damper,  while  adding  to 
the  available  saw-tooth  a  sizeable 
portion  (about  30  percent  greater 
amplitude),  is  not  a  perfect  counter¬ 
part  of  the  ideal  switch,  since  it  does 
not  return  the  stored  energy  to  the 
battery  but  dissipates  the  power 
through  another  battery  E.,  which 
is  normally  replaced  by  an  R-C  cir¬ 
cuit. 

The  plate  of  the  damping  tube  F* 
must  be  connected  to  the  positive 
terminal  of  E^  rather  than  to  the 
cathode  of  Fi  due  to  its  high  imped¬ 
ance.  This  requires  a  higher  poten¬ 
tial  than  available  from  the  back 
swing,  as  shown  in  curve  d  of  Fig.  3, 
to  pass  the  current  from  the  yoke 
back  to  battery  £*,.  To  provide  a 
damper  tube  with  a  lower  impedance, 
larger  cathode  area  has  to  be  pro¬ 
vided,  with  correspondingly  higher 
filament  power  requirements,  mak¬ 
ing  inroads  in  the  overall  efficiency. 
The  damping  tube  must  be  able  to 
withstand  the  high  voltage  gener¬ 
ated  across  the  deflecting  circuit  dur¬ 
ing  the  return  time. 

Oscillator  Operation 

The  type  of  pulse  required  to 
drive  the  output  tube  is  identical 
with  the  voltage  wave  shape  devel¬ 
oped  across  the  deflection  yoke  or  any 
winding  of  the  output  transformer. 
In  Fig.  1,  a  separate  winding  on  the 
output  transformer  is  used  to  feed 
the  pulses  to  the  grid.  It  was  found 
that  by  feeding  this  signal  to  the 
^control  grid  of  a  tube,  the  frequency 


adjustment  made  by  R-C  in  the  grid 
circuit  will  change  the  saw-tooth 
output  amplitude  materially,  and  in 
reverse,  any  change  in  the  amplitude 
adjustment  altered  the  frequency. 
Since  the  grid  in  that  case  was  draw¬ 
ing  current  for  a  considerable  time, 
and  appeared  heavily  loaded,  a  size¬ 
able  signal  was  required  for  syn¬ 
chronizing. 

By  using  the  screen  of  a  beam 
power  output  tube  for  feed-back,  the 
control  grid  was  made  available  for 
synchronizing  purposes.  Due  to  the 
high  transconductance  of  the  control 
grid,  a  very  small  synchronizing  sig¬ 
nal  is  adequate  to  lock  in  the  oscil¬ 
lator.  By  changing  the  d-c  potential 
of  the  control  grid,  the  frequency 
varies*  approximately  3  percent  per 
volt  change,  without  any  noticeable 
change  of  the  saw-tooth  amplitude. 

Figure  6  shows  the  saw-tooth  fre¬ 
quency  plotted  against  the  voltage 


FIG.  5 — The  combination  of  the  current 
through  the  damping  tube  and  the  output 
tube  form  a  linear  total  current  (dashed 
line) 


FIG.  6 — Saw-tooth  frequency  and  grid 
▼oltage  for  one  Tolue  of  screen  Toltage 


applied  to  the  control  grid,  at  one 
particular  adjustment  of  the  coarse 
speed  control  (72  in  the  screen  return 
circuit).  The  zero-bias  frequency 
may  be  shifted  by  the  coarse  speed 
control.  This  sensitivity  and  behav¬ 
ior  make  this  deflection  circuit  par¬ 
ticularly  adaptable  for  control  by 
automatic  frequency  control  circuits. 

The  frequency  of  the  saw-tooth 
current  oscillation  is  determined  by 
the  forward  and  return  periods  (tj 
to  fs  and  U  to  U) ,  but  the  return  time 
is  determined  purely  by  the  natural 
periods  of  the  yoke  circuit  since  dur¬ 


ing  that  time  the  tube  is  discon¬ 
nected.  The  forward  period  may  be 
determined  from  the  grid  voltage  de¬ 
veloped  during  that  time 

where  E^  is  the  voltage  developed 
between  the  screen  and  the  cathode 
of  the  oscillator  tube,  Ed  is  the  volt¬ 
age  drop  across  the  coarse  speed  con¬ 
trol  resistance,  L,  and  L,  are  the  in¬ 
ductances  reflected  across  the  screen 
grid  and  plate  circuits,  respectively, 
and  if  and  i,  are  the  grid  and  plate 
currents. 

Since  the  derivatives  of  the  plate 
and  screen  grid  currents  are  constant 
during  the  time  t*  and  U,  and  the 
boundary  conditions  for  the  forward 
period  are  determined  by  this  time 
and  the  maximum  currents,  the  value 
of  the  last  two  parts  of  the  above 
equation  may  be  evaluated  as 


dig 


+  7'/ 


dip  _  Lgig  mM,x  “1*  i^pipi 


dl 


u-  t. 


Substituting  this  value,  and  solving 
for  the  time,  we  obtain 


_  mar  -I-  Lpip  max 

I4  fj  u?  j5? 

Hfg  —  ZSrD 

where  the  denominator  is  the  po¬ 
tential  appearing  across  the  grid 
winding  of  the  transformer,  and  is 
therefore  equal  to  the  plate  voltage 
multiplied  by  the  transformer  ratio. 
This  final  equation  shows  that  the 
period  increases  as  the  resistance  in 
the  screen  grid  circuit  is  reduced, 
since  ig  max  then  increases  in  con¬ 
trast  with  the  conventional  blocking 
oscillator. 

Due  to  the  resistance  in  the  cir¬ 
cuit,  the  long  portion  of  the  saw¬ 
tooth  follows  an  exponential  curve, 
unless  provision  is  made  to  linearize 
it.  This  is  accomplished  by  varying 
the  impedance  of  the  damper  tube,  in 
accordance  with  the  inverse  of  the 
non-linearity  of  the  trace.  In  addi¬ 
tion,  the  impedance  of  the  damper 
tube  is  made  to  compensate  for  the 
nonlinear  characteristics  of  the  os¬ 
cillator  tube.  The  impedance  of  the 
damper  tube  is  varied  by  controlling 
the  grid  through  an  R-C  circuit  as 
shown  in  Fig.  1.  The  average  value 
of  the  impedance  may  be  adjusted 
by  the  potential  of  the  screen  which 
serves  as  a  linearity  control. 

The  cathode  of  the  damper  tube 
will  be  several  thousand  volts  above 
ground  during  the  return  time,  and 
it  may  break  down  to  the  filament  if 
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fig.  7 — Saw-tooth  current  through  the 
deflection  yoke 


fig.  9 — Voltage  across  grid  winding  of 
transformer 


the  latter  is  at  ground  potential.  The 
capacitance  of  the  cathode  to  ground 
also  must  be  minimized,  since  it  ap¬ 
pears  directly  across  the  transformer, 
and  it  will  influence  the  length  of  the 
return  time.  This  situation  can  be 
easily  remedied  by  floating  the  fila¬ 
ment  above  ground  either  by  using  a 
separate  filament  transformer  with 
low  capacitance  for  the  damper  tube, 
or  by  connecting  the  filament  to  the 
supply  through  a  double  choke  so 
that  the  cathode-filament  capacitance 
is  in  series  with  this  inductance. 
Such  chokes  can  be  made  very  eco¬ 
nomically,  and  specifications  for  one 
may  be  found  at  the  end  of  this 
article. 

Figure  7  is  an  oscilloscopic  picture 
of  the  trace  of  the  saw-tooth  current 
through  a  five-ohm  resistor  connected 
in  series  with  the  deflection  yoke. 
The  beam  was  modulated  by  a  volt¬ 
age  with  a  frequency  of  approxi¬ 
mately  300  kilocycles  to  show  the 
length  of  the  retrace  time. 

To  show  the  linearity  of  the  de¬ 
flection,  the  horizontal  deflection  fre¬ 
quency  of  the  oscilloscope  was  low¬ 
ered  to  make  the  dots  form  lines  as 
shown  in  Fig.  8;  the  even  distribu¬ 
tion  of  the  horizontal  lines  provides 
an  indication  of  the  degree  of  linear¬ 
ity  obtained. 

Figure  9  shows  the  voltage  across 
the  grid  winding  of  the  transformer 
and  Fig.  10  shows  the  current  flow¬ 
ing  through  the  cathode  resistor  of 
the  oscillator  tube. 

Several  tetrodes,  pentodes,  and 
beam  power  amplifier  tubes  were 
tried  as  the  oscillator,  such  as  types 
6Y6,  6L6,  6V6,  6F6,  6K6,  48,  807,  and 
Western  Electric  types  339 A  and 


FIG.  8 — Linearity  of  the  horiiontal  deflec¬ 
tion 


FIG.  10 — Cothode  current  of  oscillator  tube 


frequency,  and  the  stability  will  de¬ 
pend  primarily  on  the  constancy  of 
the  L-C  circuit. 

Figure  11  shows  the  circuit  dia¬ 
gram  of  the  stabilized  oscillator.  In 
this  case  the  damping  tube  is  con¬ 
nected  across  the  grid  winding, 
thereby  placing  the  cathode  near 
ground  potential.  This  circuit  elim¬ 
inates  the  necessity  of  floating  the 
filament,  but,  due  to  the  leakage  in¬ 
ductance,  it  places  slight  ripples  in 
the  return  trace.  These  are  not  ob¬ 
jectionable  unless  the  pulse  is  to  be 
used  for  d-c  reinsertion,  keyed  avc, 
or  like  purposes. 


350B.  The  largest  deflection  cur¬ 
rents  were  obtained  with  the  last  two 
types.  The  Western  Electric  type 
350B  is  very  similar  to  the  6Y6G 
type,  but  the  screen  dissipation  is 
four  watts  against  the  1.75-watt  rat¬ 
ing  of  the  6Y6,  or  2.5  watts  of  the 
6L6. 

The  screen  potential  is  approxi¬ 
mately  100  volts  during  the  forward 
trace,  and  it  draws  a  current  of  20 
to  40  milliamperes.  If  this  power  is 
permitted  to  heat  the  screen  excess¬ 
ively  during  the  retrace  period, 
when  the  screen  swings  1,000  or 
more  volts  negative,  it  will  emit 
thermionically,  and  some  of  the  elec¬ 
trons  are  collected  by  the  No.  1  grid, 
charging  it  negative  and  increasing 
the  frequency  as  can  be  seen  from 
Fig.  6. 

Due  to  the  thermionic  conduction 
to  the  No.  1  grid,  the  synchronizing 
input  impedance  is  lowered  and  the 
pulse,  or  d-c  control  source,  will  be 
loaded.  It  is  possible  to  feed  the  afc 
potential  through  one  of  the  i-f  am¬ 
plifiers  and  take  the  d-c  variations  of 
the  cathode  resistor  of  the  same  tube. 
However,  this  seems  to  be  an  un¬ 
necessary  complication  when  a  tube 
with  proper  screen  dissipation  can  be 
constructed. 

In  certain  applications  when  no 
primary  synchronizing  source  is 
available,  it  is  desirable  to  have  a 
basic  stability,  comparable  to  that  of 
sinusoidal  oscillators.  It  was  found 
that  by  connecting  a  high-Q  reso¬ 
nant  circuit  in  the  control  grid  cir¬ 
cuit,  this  circuit  will  be  shock  excited 
and  produce  a  sine  wave  determined 
by  its  inductance  and  capacitance. 
The  oscillator  will  then  lock  in  on  this 


Specifications 

Oscillator  Transformer 

Core:  30211-3  and  30211  4 

Center  leg:  37/64-ineh  square  stack 
Window:  37/64  x  17/16  inch 
MLMC  :  10.6  centimeter 
Height:  2-5/16  inch 
Width  :  l-%  inch 

Material:  0.003-inch  silicon  steel  P.S.  188 
Hutt  .Toint 

Coil:  Wind  yoke  winding  first,  80  turns  No. 
24  wire  layer  wound.  Plate  winding, 
400  turns  ao.  30  wire,  two  3/16  pies, 
universal  winding.  (»rid  winding — 
same  as  plate  winding.  Plate  and  lirid 
windings  are  wound  «»n  top  of  yoke 
winding  side  by  side. 

Dual  Filament  Choke 
Core:  63917-2 

Center  leg :  inch,  square  stack 

Window  :  %  x  1.V16  inch 

MLMC  :  8.4  centimeter 

Height:  1-11/32  inch 

Width:  l-%  inch 

.Material :  0.014-inch  silicon  steel 

Air  gap  :  0.05  inch 

Coil :  500  turns  each  of  No.  34  wire  wound 
parallel,  0.002-inch  paper  between 
layers 

Inductance  of  one  winding :  0.5  henry 
Total  resistance:  125  ohms 
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FIG.  11 — To  stabilize  the  saw-tooth  oscil¬ 
lator.  a  resonant  circuit  is  introduced  into 
the  grid  circuit 
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UNAVOIDABLE  mixups  of  steels 
and  other  alloys  in  various 
stages  of  fabrication  have  always 
existed  in  metal-working  plants.  For 
instance,  a  stack  of  billets  may  upset 
and  spill  over,  upsetting  adjacent 
stacks  having  the  same  size  and  ap¬ 
pearance  but  different  composition. 
Machining  operations  obliterate 
paint,  tag,  or  stamped  identification 
markings,  and  oftentimes  unused 
portions  of  bar  stock  are  replaced 
after  the  painted  ends  have  been  cut 


Increased  production  rates,  highly 
critical  end  uses,  closer  chemical 
specifications,  and  the  need  for  con¬ 
serving  scarce  alloy  constituents 
combined  in  recent  years  with  this 
accidental  mixing  of  metals  to  focus 
technological  attention  on  develop¬ 
ment  of  a  rapid  method  of  sorting 
both  ferrous  and  nonferrous  alloys. 
One  solution  to  this  problem,  de¬ 
scribed  here,  employs  the  triboelec- 
tric  effect  for  sorting  metal  pieces  of 
any  shape  or  size  at  a  rate  of  approx¬ 
imately  thirty  pieces  per  minute. 

When  two  metallurgically  dissim¬ 
ilar  metals  in  contact  with  each 
other  are  moved,  a  voltage  ranging 
from  a  fraction  of  a  microvolt  to 
several  millivolts  is  generated,  de¬ 
pending  upon  the  metals.  The  prin¬ 
ciple  is  that  of  triboelectrification, 
observed  by  Thales  of  Miletus  in  600 
B.C.  when  he  rubbed  amber  against 
another  material,  and  is  caused  by  a 
redistribution  of  electrons  on  the 
interfaces  of  chemically  dissimilar 
substances  that  are  brought  into  in¬ 
timate  contact  and  then  moved  so  as 
to  generate  some  friction.  With  di¬ 
electric  materials  the  observed  effect 
is  a  static  charge  measurable  with 


Checking  machined  alloy  products  to  moke  sure  all  hove  some  composition.  Operator  is 
adjusting  knob  on  reciprocoting  tool  to  balance  out  stray  roltages  before  making  test 


SORTING 


Portable  instrument  for  machine  shops  sorts  mixed-up  bar 
stock,  transformer  laminations.,  billets  or  castings  according 
to  chemical  composition  by  rubbing  a  known  metal  against 
the  unknown  for  an  interval  determined  by  an  electronic 
timer.  The  resulting  triboelectric  voltage  is  measured  with 
a  mirror  galvanometer,  using  a  bias  rectifier  for  balancing 


i'Uit]  Lnyisuir 
Control  Equifimrnt  Co. 
Pittaburgh,  Pa. 


an  electroscope,  whereas  with  con-  metal  during  the  test  will  introduce 
ductors  the  redistributed  electrons  an  error  in  indication, 
can  be  made  to  flow  through  a  con 
nected  circuit  and  produce  a  measur¬ 
able  current.  In  the  commercial  instrument  util- 

Since  heat  treatment  of  most  izing  the  triboelectric  principle,  the 

alloys  produces  chemical  changes,  electronic  circuit  shown  in  Fig.  2 

the  method  can  also  be  used  to  dis-  controls  the  total  operating  time  for 

tinguish  between  heat-treated  and  a  test  and  provides  a  biasing  poten- 

hot-worked  alloys  coming  from  the  tial  to  balance  out  any  parasitic  or 

same  heat  or  melt.  The  manner  of  thermoelectric  currents.  A  commer- 

creating  the  moving  contact  is  not  cially  available  motor-driven  recip- 

critical  provided  it  is  carried  on  long  rocating  tool  having  a  i-inch  stroke 

enough  to  develop  saturation  poten-  provides  the  motion.  A  known  or 

tial.  For  a  reciprocating  tool  operat-  standard  rod  of  metal  is  placed  in 

ing  at  ten  strokes  per  second  this  is  the  chuck  of  the  tool,  one  connection 

about  four  seconds,  as  illustrated  in  is  made  to  the  unknown  specimen 

Fig.  1.  A  lubricant  is  used  on  the  through  the  standard  rod,  and  the 

surface  of  the  standard  metal  during  other  through  the  tool  fork.  The 

tests  to  minimize  chances  of  scoring,  known  metal  is  held  stationary  on 

because  any  scoring  or  erosion  of  the  unknown  while  a  control  on  the 
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FIG.  1 — ^Manner  in  which  r»a<DBg  of  micro- 
Toltmotor  builds  up  from  soro  to  approach 
instomtanoons  tribooloctric  roltago  toIoo 
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switch  is  closed,  90  volts  a-c  is  ap¬ 
plied  to  the  series  motor  in  the  tool 
and  to  the  thyratron  timing  circuit. 
Reciprocating  action  starts,  but 
capacitor  C  holds  the  thyratron  grid 
sufficiently  negative  to  prevent  the 
tube  from  firing.  The  start  switch 
changes  the  grid  voltage  to  a  much 
lower  value  determined  by  the  set¬ 
ting  of  the  time  control  potentiom¬ 
eter,  so  that  C  begins  discharging 
through  its  2-megohm  shunt  resistor 
the  instant  the  switch  is  closed.  When 
the  capacitor  voltage  drops  suffi¬ 
ciently,  the  thyratron  fires  and  its 
plate  current  pulls  in  the  relay,  open¬ 
ing  the  motor  circuit  and  terminat¬ 
ing  the  test.  A  snubbing  circuit 
across  the  relay  coil  (8|uf  in  series 
with  750  ohms)  keeps  the  relay 
armature  closed  between  rectified 
pulses.  Releasing  the  start  switch 
button  allows  the  relay  to  drop  out, 
reclosing  the  tool  circuit  and  re¬ 
charging  C  for  the  next  cycle. 

The  6X5  tube,  a  slow-heating  rec¬ 
tifier  connected  as  a  diode  in  the 
thyratron  plate  circuit,  protects  the 
thyratron  against  damage  in  the 
event  that  the  start  button  is  pressed 
before  the  thyratron  heater  is  up  to 
temperature. 

Since  this  instrument  is  nonde¬ 
structive,  it  may  be  applied  to  identi¬ 
fication  of  built-up  machinery,  as¬ 
sembled  vehicles,  or  any  combination 
of  metals.  The  fact  that  the  pieces 
being  tested  may  be  in  metallic  and 
electrical  contact,  with  adjoining 
members  does  not  affect  the  accuracy. 


Commercial  yersion  oi  triboelectric  instrument,  used  here  for  sorting  transformer 
laminations  accidentally  punched  from  two  different  grades  of  steel 
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quired.  This  voltage  is  obtained  from 
a  full-wave  rectifier  circuit  operating 
with  6.3  volts  on  the  filament  and 
plates;  no  filtering  is  required  since 
the  period  of  the  galvanometer  is 
far  longer  than  that  of  the  60-cycle 
power  line. 

Capacitor  C  is  normally  charged 
from  the  90- volt  source  to  the  indi¬ 
cated  polarity  by  grid  rectification 
of  the  2050  thyratron,  the  circuit 
being  completed  through  the  series 
motor  and  the  contacts  of  the  relay 
each  half-cycle.  When  the  start 


tool  is  adjusted  to  bring  the  meter 
indicator  to  zero.  Pressing  a  button 
on  the  tool  then  starts  the  recipro¬ 
cating  motion  of  the  known  metal  in 
the  chuck.  The  reading  of  the  micro¬ 
voltmeter  is  taken  after  the  tool  has 
been  automatically  stopped.  If  the 
reading  is  substantially  zero,  known 
and  unknown  metals  are  identical; 
if  different,  the  polarity  and  magni¬ 
tude  of  the  reading  are  indicative  of 
the  degree  and  nature  of  the  dis¬ 
similarity. 

In  general,  all  metals  and  alloys 
may  be  arranged  in  a  triboelectric 
series  such  that  a  metal  which  pre¬ 
cedes  another  metal  in  the  table  will 
always  be  found  to  be  positive  with 
respect  to  the  succeeding  metal. 
Thus,  if  five  metals — A,  B,  C,  D, 
and  E — are  arranged  in  this  way,  C 
will  be  slightly  positive  with  respect 
to  D  and  more  positive  with  respect 
to  E,  and  conversely,  C  will  be  nega¬ 
tive  with  respect  to  A  and  B. 

The  portable  mirror  galvanometer 
serving  as  microvoltmeter  is  con¬ 
nected  across  the  junction  between 
known  and  unknown  metals.  Any 
reading  obtained  before  the  recipro¬ 
cating  tool  is  started  is  balanced  out 
by  adjusting  the  one-ohm  rheostat, 
which  introduces  in  the  meter  cir¬ 
cuit  the  required  small  bucking  volt¬ 
age  with  whatever  polarity  is  re- 


SPECIMEN  TO  BE 
IDENTIFIED 


^  STANDARD 
METAL 


38V  D-C 
RELAY 


INSULATED 

caucK 


2050 


SERIES 

MOTOR 


TIMER 


TIME 

CONTROL 


START 

SWITCH 


BIAS 

CIRCUIT 


RECIPROCATING 

TOOL 


BALANCINO  CONTROL 


FIG.  2 — Electronic  circuit  used  in  connection  with  reciprocating  tool  for  nonde- 
structiye  identification  of  olloys 
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Pulse  Modulating  System 


Functions  performed  by  circuits  of  pulse-position  modulated  communication  equipment  arc 
described.  Although  these  are  familiar  circuits,  their  uses  are  novel.  Circuits  must  provide 
extremely  accurate  timing  to  minimize  circuit  noise  and  to  prevent  interchannel  crosstalk 


Microwave  radio  sets  for  long 
distance  communication,  per¬ 
fected  during  the  war,  are  being 
applied  to  domestic  telephone  cir¬ 
cuits.  One  such  application  is  the 
Bell  Telephone  Company’s  installa¬ 
tion  of  pulse  modulation  equipment 
between  Chicago,  Ill.  and  Milwaukee, 
Wis.  This  circuit  can  handle  tele¬ 
phone,  telegraph,  and  facsimile,  and 
uses  equipment  of  the  type  manufac¬ 
tured  for  military  use  and  identified 
as  radio  set  AN/TRC-6. 

Set  Characteristics 

The  radio  set,  shown  perspectively 
in  Fig.  1,  is  a  combination  ultrahigh 
frequency  radio  transmitter  and  re¬ 
ceiver  with  multiplex  arrangements 
for  providing  eight  two-way  radio 
telephone  channels  between  two  line 
of  sight  points.  The  set  has  been  used 
successfully  up  to  distances  of  over 
one  hundred  miles  line  of  sight,  and 
by  placing  radio  sets  back  to  back  a 
radio  relay  of  any  desired  length  is 
possible. 

The  radio  transmitter  employs  a 
highly  directive  antenna  system 
shown  in  Fig.  2  that  gives  a  beam 
whose  width  is  approximately  plus  or 
minus  two  degrees  measured  where 
the  decrease  in  signal  is  five  decibels 
from  the  maximum.  The  carrier 
wavelength  is  in  the  order  of  six 
centimeters;  average  output  power 
is  approximately  a  quarter  watt. 

Any  one  of  the  eight  channels  is 
so  designed  that  it  can  carry  voice 
frequency,  telegraph,  teletypewriter, 
or  facsimile  signals.  Carrier  tele¬ 
graph  terminal  equipment  can  be 
directly  connected  to  the  equipment, 
thus  giving  an  arrangement  whereby 
four  carrier  telegraph  channels  can 
be  carried  on  one  voice  frequency 
channel.  The  multiplex  permits 
either  four  or  two  wire  termination 


in  combination  to  give  up  to  eight 
channels  (see  Electronics  May 
1946,  p  124). 

A  relatively  new  type  of  modula¬ 
tion  is  employed  on  the  system, 
namely  pulse  -  position  modulation 
with  time-division  multiplex.  This 
multiplex,  in  effect,  consists  of  send¬ 
ing  eight  different  channels  in  se¬ 
quence,  only  one  channel  pulse  being 
transmitted  at  any  instant.  Each 
channel  pulse  occupies  about  ten  per¬ 


cent  of  the  total  transmission  time. 
The  pulse-position  modulation  is  such 
that  a  channel  pulse  that  is  gener¬ 
ated  in  the  transmitting  circuit  is 
changed  in  *its  position  relative  to 
other  transmitted  pulses  in  accord¬ 
ance  with  the  amplitude  and  fre¬ 
quency  of  the  impressed  voice  fre¬ 
quency. 

Set  Intfallation 

Four  carrier-frequency  bands  are 
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available,  each  band  having  a  separa¬ 
tion  from  the  adjacent  band  of  150 
me.  This  separation  is  provided  so 
that  several  sets  can  be  operated  at 
the  same  location  without  causing 
interference  between  sets. 

The  main  components  of  the  set 
consist  of  a  common  frame,  multi¬ 
plex  frame,  radio  frame,  the  radio 
transmitter,  and  the  radio  receiver 
converter.  The  functions  of  each  of 
these  component  parts  will  be  dis¬ 
cussed  in  detail. 

At  a  relay  station  it  is  necessary 
to  patch  the  incoming  received  signal 
to  the  outgoing  transmitter  and  this 
may  be  done  by  either  of  two 
methods.  One  method  is  to  use  the 
multiplex  and  bring  all  eight  chan¬ 
nels  down  to  voice  frequency  and 
then  patch  to  the  next  transmitting 
multiplex.  However,  a  better  method 
is  to  use  the  video  repeater  in  the 
common  frame,  which  brings  the  sig¬ 
nals  down  only  to  a  video  frequency, 
and  then  patch  this  to  the  new  video 
input.  When  the  latter  method  is 
used  an  arrangement  is  offered 
whereby  one  channel  is  automatically 
brought  to  voice  frequency  so  that  it 
can  be  used  as  an  order-wire  or  en¬ 
gineering  channel. 

The  equipment  is  so  designed  that 
it  is  self  contained  and  very  easily 
transportable.  The  time  required  for 
a  complete  installation  averages 
about  four  hours.  Arrangements 
must  be  made  beforehand  as  to  when 
to  go  on  the  air  and  when  to  begin 
searching  for  a  contact  because  of 
the  sharpness  of  the  antenna  pattern. 
This  procedure  is  quite  simple  and 
requires  no  more  than  correct  azi¬ 
muth  and  coordination  of  time.  Once 
contact  has  been  made  between  two 
stations,  the  gain  of  the  circuit  may 
be  improved  by  local  tuning  at  each 
station.  Manual  drives  shown  in 
Fig.  1  are  for  aiming  antennas. 
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FIG.  2 — Author  checks  operation  of  equipment.  Alpine  winter  weather  did  not  inter¬ 
fere  with  microwave  radio  communication 


The  transmitting  multiplex  is  that 
component  in  which  the  voice  fre¬ 
quency  signals  are  superimposed  on 
the  various  channels  and  are  con¬ 
verted  into  “pulse-position  modulated 
time-division”  signals  which  in  turn 
are  carried  to  the  radio  transmitter 
by  means  of  coaxial  cable  for  trans¬ 
mission  over  the  radio  relay  system. 

The  pulse-position  modulated  sig¬ 
nal  is  of  fixed  amplitude  and  is  for 
one  microsecond  duration,  with  a  re¬ 
currence  period  of  125  microseconds. 
As  each  channel  will  occupy  only  a 
very  small  fraction  of  the  total  time 
for  each  complete  125  microsecond 
cycle,  the  term  time  division  is  used, 
each  channel  having  an  equal  share 
of  the  total  time. 

The  channel  is  so  set  up  that  from 
its  own  center,  a  pulse  cannot  go  too 
far  from  the  unmodulated  position, 
thus  preventing  overlap  of  pulses, 
which  would  cause  crosstalk  between 
channels.  In  this  connection,  the  tol¬ 
erances  of  the  circuit  components  in 
some  cases  must  be  within  one  per¬ 
cent  while  in  other  cases  a  tolerance 
of  five  percent  is  permissible.  These 
narrow  tolerances  insure  that  timing 
w’ill  be  within  the  required  accuracy 
to  prevent  crosstalk.  The  amplitude 
of  the  voice  frequency  signal  will 
determine  the  displacement  of  the 
channel  pulse  at  the  time  it  is  modu¬ 
lated.  The  system  is  so  arranged  that 


when  modulated  with  voice  frequency 
the  total  width  through  which  the 
pulse  is  displaced  cannot  be  greater 
than  12  microseconds  per  channel. 
Each  channel  is  alloted  a  width  of 
approximately  15  microseconds.  With 
the  channel  recurring  every  125  mic¬ 
roseconds,  and  allowing  12  micro¬ 
seconds  per  modulated  channel,  a 
duty  cycle  of  about  ten  is  obtained. 
The  input  voice  frequency  signal  is 
limited  by  a  low-pass  filter  so  that  it 
is  cut  off  for  any  frequency  greater 
than  3,000  cycles  per  second. 

Figure  3  shows  a  simple  block 
schematic  of  a  typical  channel,  and 
while  all  channels  are  very  similar  a 
slight  difference  is  actually  incor¬ 
porated  into  the  various  channels  so 
that  the  time  division  will  be  correct. 
However  only  one  channel  will  be 
described  in  detail,  the  same  basic 
circuits  applying  to  any  channel. 
With  each  group  of  eight  channel 
pulses  there  is  a  marker  pulse,  whose 
duration  is  four  microseconds,  and 
precedes  the  pulse  of  channel  one. 
This  marker  pulse  may  be  considered 
as  the  master  timer  for  the  entire 
system  and,  as  it  is  not  modulated, 
it  requires  no  extra  space  to  prevent 
crosstalk.  The  complete  cycle,  i.e.  the 
marker  pulse  and  the  eight  channel 
pulses,  has  a  recurrence  frequency 
of  8,000  cps. 

Figure  4  shows  a  complete  125 


m 


microsecond  cycle  of  the  marker 
pulse  and  the  eight  unmodulated 
channel  pulses.  When  there  is  no 
modulation  present  on  any  channel 
this  is  the  envelope  that  the  trans¬ 
mitter  sends  over  the  air. 

Modalator  Circaits 

The  basic  oscillator  of  Fig.  3  is 
of  the  Hartley  type  and  has  a  funda¬ 
mental  frequency  of  8,000  cps,  which 
fixes  the  recurrence  frequency,  and 
provides  a  suitable  waveform  with 
which  to  trigger  the  channel  pulse 
generators  and  the  marker  pulse  gen¬ 
erator.  The  output  of  the  oscillator 
is  a  positive-going  rectangular  wave, 
whose  positive  portion  is  for  90  mic¬ 
roseconds,  and  whose  negative  por¬ 
tion  is  for  35  microseconds  duration. 

For  the  clipper  the  oscillator  out¬ 
put  voltage  is  fed  back  through  a 
feedback  circuit  the  output  of  which 
is  in  turn  clipped,  thus  giving  the 
desired  rectangular  waveform  which 
triggers  the  several  pulse  generators. 

The  marker  generator  is  employed 
to  generate  the  four-microsecond 
pulse.  This  pulse  then  passes  through 
a  marker  amplifier  where  it  is  clipped 
so  as  to  give  the  desired  rectangular 
waveform.  It  is  then  mixed  with  the 
channel  pulses  in  the  video  amplifier. 


The  marker  pulse  is  generated  and 
placed  in  its  correct  position  in  the 
transmitting  multiplex,  but  it  does 
not  however  enter  into  the  actual 
voice  transmission.  Its  primary  func¬ 
tion  is  in  the  receiving  multiplex 
where  it  is  used  to  maintain  syn¬ 
chronism  for  receiving  circuits. 

The  exciter  for  the  channel  is 
started  at  the  same  time  as  the 
marker  generator  and  produces  a 
positive  -  going  rectangular  pulse 
which  is  fed  to  the  pulse-position 
modulator.  The  output  pulse  of  the 
exciter  is  a  pulse  of  two-microsec¬ 
onds  duration. 

The  voice  frequency  to  be  im¬ 
pressed  on  the  channel  passes  through 
a  3,000  cps  low-pass  filter  to  the  input 
of  a  voice-frequency  amplifier.  The 
amplified  voice-frequency  signal  is 
then  sent  to  the  pulse-position  modu¬ 
lator  where  it  is  impressed  on  the 
channel  pulse. 

The  pulse-position  modulator  is  a 
form  of  a  one-kick  multivibrator, 
whose  various  components  are  so 
chosen  that  no  free  oscillations  will 
take  place,  except  when  it  is  exter¬ 
nally  excited. 

A  dual  triode  (6SL7GT)  is  used  as 
the  pulse-position  modulator,  the 
cathodes  of  which  are  tied  to  ground 


through  a  resistance.  The  grid  of  the 
second  section  is  positive  so  that  the 
cathode  potential  is  50  volts  above 
ground.  The  first  grid  is  at  a  steady 
potential  of  35  volts  above  ground, 
hence  there  is  no  plate  current  flow¬ 
ing  in  the  first  section.  When  a  short 
positive  going  pulse  of  more  than  15 
volts  in  amplitude  hits  the  grid  of 
the  first  section,  the  tube  conducts 
for  the  duration  of  the  pulse.  The 
resulting  flow  of  current  in  the  first 
section  drops  the  plate  voltage  of 
this  section  and  this  drop  reduces  the 
grid  voltage  of  the  second  section. 
The  cathode  load  completes  the  posi¬ 
tive  feedback  loop. 

When  the  plate  current  of  the 
second  section  drops,  the  cathode 
potential  drops ;  hence  a  steady  plate 
current  flows  to  the  first  section  after 
the  triggering  pulse  has  ceased.  The 
transit  time  is  adjusted  to  place  the 
triggering  pulse  in  its  unmodulated 
position. 

The  video  amplifier  serves  several 
purposes.  First  it  receives  the  signals 
from  the  pulse-position  modulator 
and  amplifies  them.  Secondly  it  takes 
these  received  pulses  and  by  means 
of  clipping  produces  a  wave  which  is 
extremely  rectangular  in  shape.  Be¬ 
fore  the  final  stage  of  video  amplifi¬ 
cation  the  marker  generator  pulse  is 
combined,  in  time,  with  the  eight 
channel  pulses  and  the  complete 
group  of  pulses  go  to  the  final  stage. 
This  stage  is  operated  as  a  cathode 
follower,  and  the  cathode  output  is 
sent  to  the  radio  transmitter  through 
a  coaxial  cable. 

Radio  Froqooacy  Circoitt 

The  radio  transmitter  which  sends 
the  group  pulses  over  the  line  of 
sight  path  is  of  the  pulsed  ultrahigh 
frequency  design.  The  video  trigger¬ 
ing  pulses  from  the  transmitting 
multiplex  are  further  amplified  by 
two  more  stages  of  video  amplifier 
located  in  the  radio  transmitter. 
These  stages  also  provide  a  wave 
shaping  circuit  which  corrects  some 
of  the  loss  of  wave  shape  introduced 
by  the  relatively  long  video  cable. 

The  modulator  tube  develops  a 
negative  1,000-volt  pulse  in  its  plate 
circuit,  being  fed  by  the  last  video 
stage.  This  pulse  in  turn  triggers  the 
transmitter  tube,  which  is  a  velocity 
modulated  vacuum  tube;  namely  a 
reflex  Klystron.  It  should  be  noted 
that  oscillations  occur  only  during 
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FIG.  3 — ^Block  diagram  indicotos  s«qu«nce  in  which  one  channel  of  the  Toice  ^gnal 
podtioa-inodalatet  the  puleet  for  transmission 


FIG.  4 — ^Polse  multiplex  signal  that  modulates  microwore  transmitter 


128 


1 


FIG.  5 — Wore^uide  from  transmitter  is  terminated  in  slot  dipoles,  at  extreme  right, 
which  radiate  back  toward  the  parabolic  reflector 


the  interval  when  the  modulator  sup¬ 
plies  power.  The  oscillator  tube  can 
.  be  tuned  to  the  desired  frequency  by 
adjusting  the  physical  dimension  of 
its  cavity  resonator.  The  output  from 
the  transmitter  is  fed  into  an  adjust¬ 
able  wave  guide  and  is  then  sent  to 
the  remainder  of  the  antenna  system. 
This  system  for  the  transmitter  con¬ 
sists  of  a  wave  guide  as  shown  in 
Fig.  6  and  a  parabolic  reflector  as 
shown  in  Fig.  2. 

A  small  portion  of  the  signal  being 
sent  over  the  air  is  taken  off  and 
used  for  monitoring,  using  a  crystal 
rectifier.  The  peak  radio-frequency 
power  output  is  about  2.5  watts,  the 
average  power  being  approximately 
0,25  watt.  The  transmitter  tube  is  so 
designed  that  it  can  be  tuned  to  any 
one  of  four  different  frequencies. 
The  circuit  is  shown  in  Fig.  6. 

Receiving  Muitiplex 

The  receiving  multiplex  receives 
the  marker  pulse  and  the  eight  chan¬ 
nel  pulses  at  the  recurrence  fre¬ 
quency  of  8,000  cps  from  the  receiver 
radio  converter  (described  later). 


and  separates  the  channel  pulses  and 
converts  each  one  to  its  original  voice 
frequency.  To  do  this  separation  it  is 
necessary  to  generate  gate  pulses  at 
the  correct  time  for  each  channel 
pulse.  Also  the  voice-frequency  signal 
must  be  amplified  and  filtered  before 
being  sent  to  the  termination  equip¬ 
ment. 

Figure  7  shows  a  simplified  block 
schematic  of  a  typical  channel  of  the 
receiving  multiplex.  As  in  the  trans¬ 
mitting  multiplex,  all  channels  are 
similar  and  hence  only  one  channel 
will  be  described  in  detail. 

The  uhf  radio  receiver  converter 
sends  to  the  receiving  multiplex  the 
channel  pulses  and  the  marker  pulse 
as  a  video  signal  through  a  coaxial 
cable.  The  output  of  the  video  ampli¬ 
fier  in  the  receiving  multiplex  is 
divided  into  two  parallel  signals.  The 
output  of  the  video  amplifier  is  a 
series  of  negative  pulses  whose  am¬ 
plitudes  are  in  the  order  of  ten  volts. 

These  pulses  go  to  both  a  pulse 
amplifier  and  to  the  marker  selector 
circuit.  It  is  desirable  to  use  the 
trailing  edge  of  the  received  pulses 


due  to  the  fact  that  they  are 
straighter  and  less  noisy  than  the 
leading  edge. 

To  use  the  trailing  edges  new 
pulses  are  generated  in  the  pulse 
amplifier.  However  the  trailing  edges 
of  the  newly  generated  pulses  corres¬ 
pond  in  time  to  the  leading  edges  of 
the  pulses  which  are  received  from 
the  transmitter.  Hence  in  reality  a 
wave  shaping  circuit  is  employed.  By 
accurately  selecting  the  circuit  com¬ 
ponents  the  amplifier  will  deliver 
these  new  pulses  with  only  a  slight 
error  in  time,  which  in  effect  has  only 
a  small  increase  on  the  noise  of  the 
channels.  The  new  pulses  are  further 
amplified  and  the  output  is  a  positive 
going  series  of  pulses  whose  ampli¬ 
tude  has  been  increased  to  approxi¬ 
mately  25  volts ;  these  new  pulses  are 
then  delivered  to  the  eight  pulse  con¬ 
verters,  one  being  used  for  each 
channel. 

The  marker  selector  stage  is  a 
pentode  tube,  and  during  the  interval 
between  pulses  the  grid  is  very 
slightly  positive,  and  the  plate  volt¬ 
age  is  low’.  The  negative  pulses  from 
the  video  amplifier  of  ten  volts  ampli¬ 
tude,  cut  off  the  plate  current  in  the 
tube.  The  components  of  the  circuit 
are  so  chosen  that  this  one-micro- 
second  pulse  will  not  cause  the  tube 
to  operate;  however  the  four  micro¬ 
second  marker  pulse  produces  four 
times  the  charge  of  the  one  micro¬ 
second  pulse  thereby  tripping  the 
tube,  and  this  pulse  is  received  be- 
tw’een  every  group  of  eight  channel 
pulses. 

Output  of  this  pentode  is  amplified 
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by  the  marker  pulse  amplifier  which 
is  biased  at  about  20  volts  so  that  if 
the  marker  selector  passes  the  chan¬ 
nel  pulses  they  will  not  cause  plate 
current  to  flow.  However  the  marker 
pulse  will  cause  the  flow  of  plate  cur¬ 
rent. 

To  separate  the  channel  pulses  it 
is  necessary  to  have  gates  at  the 
proper  time,  which  will  synchronize 
properly  with  the  eight  channel 
pulses.  The  square  wave  generator 
used  to  develop  these  gates  is  a  multi¬ 
vibrator,  which  operates  on  the  pulse 
from  the  marker  amplifier.  The  mul¬ 
tivibrator  is  synchronized  very  accur¬ 
ately  with  the  marker  pulse,  the 
circuit  constants  being  so  chosen  that 
if  it  does  not  synchronize  it  will  run 
somewhere  below  8,000  cps. 

The  multivibrator  output  goes  to 
the  sweep  generator  which  delays  the 
various  channel  pulses  by  the  desired 
duration.  This  delay  is  accomplished 
by  the  generation  of  sweep  voltages 
and  starting  the  gate  pulses  at  a  time 
when  the  sweep  voltage  crosses  a 
given  reference  voltage  level,  differ¬ 
ent  for  each  channel. 

The  gate  is  produced  in  a  gate 
generator.  When  the  pulses  are  re¬ 
ceived  from  the  pulse  amplifier  they 
are  all  present,  each  channel  being  in 
its  correct  position  with  respect  to 
time.  There  are  eight  gate  genera¬ 
tors,  and  each  one  generates  a  gate 
of  about  13  microseconds,  each  being 
spaced  correctly  with  respect  to  time. 
The  gate  for  any  given  channel  will 
lift  the  channel  pulse  from  the  group 
of  pulses  and  place  it  on  top  of  the 
gate  pulse.  The  marker  pulse  is  also 
present  but  the  gates  are  so  arranged 
that  they  will  reject  it  as  it  is  useless 
for  this  part  of  the  circuit;  it  has 
already  been  picked  off  by  the  marker 
selector  circuit. 

The  pulses  received  at  this  stage 
are  voice  modulated,  but  it  is  now 
necessary  to  remove  the  pulse  and 
leave  only  a  voice  frequency  signal. 
This  is  done  by  the  pulse  converter. 
The  channel  pulse,  which  is  still  one 
microsecond  in  width,  is  varying  in 
time  according  to  the  degree  of  voice 
frequency  modulation.  Hence  it  may 
be  said  to  be  position  modulated. 
If  now  the  pulse-position  modulated 
signal  is  converted  to  pulse-length 
modulation,  an  audio  signal  will  be 
obtained. 

To  do  this  conversion  a  relaxation 
circuit  is  employed.  The  pulse  which 


is  being  modulated  by  a  voice  fre¬ 
quency  rides  on  the  gate,  the  gate 
itself  being  insufficient  to  cause  plate 
current  to  flow  through  the  tube. 
However,  the  gate  voltage  plus  the 
channel-pulse  voltage  is  sufficient  to 
cause  the  tube  to  conduct,  starting 
the  relaxation  circuit.  The  end  of  the 
gate  causes  the  grid  to  go  negative 
again  and  cuts  off  the  tube  in  the 
relaxation  circuit,  which  will  return 
to  its  normal  condition  until  such 
time  as  it  receives  another  pulse 
superimposed  on  a  gate. 

The  edge  of  the  pulse  which  is 
being  varied  at  an  audio  rate  by  the 
superimposed  voice  frequency  from 
the  transmitting  multiplex  is  then 
passed  through  a  3,000  cps  low-pass 
filter.  It  is  also  desired  to  eliminate 
any  of  the  8,000  cycle  per  second 
recurrence  frequency  w’hich  may 
have  gotten  through  so  there  is  also 
a  rejection  filter  for  tihis  frequency. 
The  voice  frequency  is  now  passed 
through  a  voice  frequency  amplifier 
to  a  hybrid  coil  whence  it  terminates 
in  either  a  two-wire  or  a  four-wire 
system. 

Ringing  and  Alarm  Cirenits 

Ringing  in  the  transmitting  multi¬ 
plex  is  accomplished  by  a  20  cps 
ringer,  and  this  in  turn  removes  the 
channel  pulse  from  the  particular 
channel  on  which  it  is  desired  to 
signal. 

In  the  receiving  multiplex  the 
channel  pulses  are  normally  being 
received,  and  these  pulses  are  fed 
simultaneously  to  the  pulse  amplifier 
and  to  the  ringing  circuit.  They  enter 


the  ringing  circuit  and  under  norm! 
(non  ringing)  conditions  are  im¬ 
pressed  across  a  Varistor  circuit. 
The  following  ringing  stage  is  thus 
held  at  negative  cutoff.  When  the 
pulses  are  removed  at  the  transmit¬ 
ting  end,  the  ringing  stage  goes  posi¬ 
tive  and  causes  a  ringing  relay 
operate,  thus  signaling  the  next  sta¬ 
tion  on  the  particular  channel.  Ar¬ 
rangements  have  been  made  whereby 
ringing  is  from  terminal  to  terminal 
(not  relay  to  relay)  except  on  the 
order-wire  channel. 

The  marker  alarm  circuit  is  simi¬ 
lar  to  the  ringing  circuit  and  oper- . 
ates  whenever  the  marker  pulse  is 
removed  from  the  circuit.  This  pulse 
however  cannot  be  removed,  as  the 
channel  pulses  are  for  ringing,  hence 
the  removal  of  the  marker  pulse 
signifies  that  there  is  trouble  be¬ 
tween  stations. 

Various  keys  (bridge  and  testing) 
are  provided  so  that  any  channel  can 
be  isolated  for  quick  maintenance  or 
in  case  of  a  failure  on  any  channel. 
Thus  the  loss  of  one  channel  pul.‘<e 
will  not  render  the  remaining  chan¬ 
nels  inoperative. 

Radio  Rocoiviag  Eqaipoiaat 

The  radio  receiver  consists  of  two 
parts,  namely  the  receiver  converter, 
and  the  i-f  amplifiers  and  associated 
circuits.  The  converter  is  located  on 
the  tower  behind  the  receiving  wave¬ 
guide  and  the  receiving  parabolic 
reflector.  The  uhf  pulses  being  re¬ 
ceived  from  the  transmitter  are  het- 
rodyned  with  a  beating-oscillator 
voltage  giving  an  output  of  60  me 
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FIG.  7 — ^Block  diagram  indicotot  soquonco  in  which  ono  channel  oi  the  modulated 
pulses  is  conTerted  to  voice  signal  in  reception 
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a  saw-tooth  voltage,  which  is  gen¬ 
erated  when  the  transmitter  pulses 
are  lost  for  any  reason,  the  beat¬ 
ing  oscillator  repeller  voltage  is 
made  to  vary  over  a  predetermined 
voltage  range.  This  sweeping  will 
continue  as  long  as  the  signal  is  not 
received.  The  frequency  swing  is  a 
broad  30  me  sweep.  Arrangements 
are  made  by  which  the  sweeping 
stops  at  the  correct  point  past  which 
it  is  sweeping  when  a  signal  from  the 
transmitter  is  received.  A  manual 
frequency  search  is  also  obtainable 
and  when  this  is  being  used  the  auto¬ 
matic  frequency  search  is  held  quies¬ 
cent  until  such  time  as  it  is  desired 
to  return  to  automatic  operation. 
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-Using  a  reilex  Klystron  as  a  local  oscillator,  the  receirer  converts  the  micro- 
wove  carrier  to  the  intermediate  frequency  in  a  crystal 
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The  Common  Frame  consists  of  a 
regular  and  spare  video  repeater,  a 
voice  frequency  telegraph  arrange¬ 
ment  and  the  required  binding  posts 
and  circuit  breakers.  The  telegraph 
arrangement  will  not  be  discussed 
here,  but  suffice  it  to  say  that  it  con¬ 
sists  of  a  425  cps  voice-frequency 
carrier  arrangement.  The  binding 
posts  permit  the  termination  of 
either  two  or  four  wire  by  the  use  of 
hybrid  coils. 

The  video  repeater  is  in  reality  a 
miniature  multiplex  with  arrange¬ 
ments  for  channel  one  to  be  used  as 
an  order  wire,  while  the  remaining 
seven  channels  are  kept  at  a  video 
level  as  illustrated  in  Fig.  9.  Incor¬ 
porated  in  the  video  repeater  is  an 
emergency  pulse  supply  and  an  auto¬ 
matic  electronic  transfer  device, 
which  comes  into  operation  if  the 
backward  transmitter  should  fail. 
While  this  failure  would  stop  all 
communications  over  the  entire  link, 
it  does  however  permit  the  trouble 
to  be  localized  to  any  one  relay  sta¬ 
tion,  and  thus  reduce  the  time  to 
bring  spare  equipment  into  use. 

The  fidelty  of  the  speech  over  the 
radio  link  is  excellent  and  surpasses 
most  other  forms  of  telephone  com¬ 
munications.  The  loss  between  sta¬ 
tions  can  be  brought  back  to  the 
normal  transmitting  level  thus  assur¬ 
ing  a  most  workable  condition.  This 
radio  relay  was  used  very  success¬ 
fully  between  such  military  head¬ 
quarters  as  that  of  the  12th  Army 
Group,  commanded  by  General  Brad¬ 
ley  and  that  of  3rd  Army  Headquar¬ 
ters  commanded  by  the  late  General 
Patton. 
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FIG.  9 — Two  sets  connected  back  to  back  through  their  radio  frames  act  as  relays 
for  links  longer  than  line  of  sight 


as  shown  in  Fig.  8.  This  i-f  frequency  matic  frequency-control  circuit 
is  passed  through  several  stages  of  makes  use  of  a  discriminator  coil, 
pre-amplification  and  then  passed  which  operates  when  the  frequency 
down  through  a  coaxial  cable  to  the  departs  from  the  resonant  frequency, 
remaining  receiving  equipment. 

The  beating  oscillator  is  of  the  Automatic  Frequency  Search 

velocity  modulated  type,  and  is  simi¬ 
lar  to  the  reflex  Kylstron  used  in  the 
transmitter.  A  crystal  frequency 
converter  is  employed  which  is  in¬ 
corporated  in  the  wave-guide  feed 
line. 

The  i-f  frequency  after  leaving  the 
coaxial  cable  is  passed  through  five 
more  stages  of  amplification,  then 
detected  and  the  resultant  video  fre¬ 
quency  is  further  amplified  and 
clipped  by  means  of  a  several  stage 
video  amplifier.  The  new  output  is 
taken  to  the  receiving  multiplex 
where  it  is  again  amplified  and 
passed  on  to  both  the  pulse  ampli¬ 
fiers  and  the  marker  selector. 

Included  in  the  receiving  circuits 
are  both  an  autovolume  control  and 
an  automatic  frequency-control  cir¬ 
cuit.  The  automatic  volume-control 
circuit  is  conventional  and  the  auto- 


An  interesting  circuit  is  employed 
in  the  receiving  equipment  to  take 
care  of  a  case  where  for  any  reason 
the  received  carrier  frequency  that 
be  interrupted,  thus  causing  the  ab¬ 
sence  of  the  i-f  frequency  which  in 
turn  operates  the  automatic  fre¬ 
quency  control.  When  such  is  the 
case  it  is  possible  that  the  beating 
oscillator  may  drift  so  widely  from 
the  received  carrier  frequency  that 
when  transmission  is  again  resumed 
the  i-f  may  be  so  different  that 
it  cannot  be  passed  through  the 
highly  selective  circuits  in  the  ampli¬ 
fiers.  To  eliminate  such  a  case,  the 
beating  oscillator  is  made  so  that  it 
wdll  search  for  its  operating  fre¬ 
quency. 

This  operation  is  done  by  a  fre¬ 
quency  search  circuit.  By  the  use  of 


electronics  —  September,  1946 


Multi-voltage 


By  J.  R.  MENTZER 

Assistant  Professor  of  Engxnrrriny  Itesrarrh 
Ordnance  Research  Lnboratoru 
The  Pennsylvania  State  College 
State  College,  Pennsylvania 


SEVERAL  VALUES  of  Stable  Voltage 
are  often  required  for  the  test¬ 
ing  of  equipment  which  is  normally 
battery  operated.  These  can  be  ob¬ 
tained  from  a  conventional  power 
supply  by  using  four  standard  types 
of  gas-filled  voltage  regulator  tubes, 
the  VR-75,  VR-90,  VR-105,  and  VR- 
150.  They  make  it  possible  to  secure 
any  regulated  voltage  which  is  a 
multiple  of  15  volts,  up  to  the  near¬ 
est  multiple  of  15  volts  below  the 
available  output  voltage  from  the 
power  supply  filter,  which  is  neces¬ 
sary  for  ignition. 

To  obtain  the  various  voltages  it 
is  necessary  to  use  the  tubes  in 
combinations  wherein  the  voltages 


FIG.  1 — Simple  circuit  for  proTicUnq  165 
Tolts  of  regulated  output 

across  some  are  added  and  the 
voltages  across  others  are  sub¬ 
tracted.  The  problem  of  getting  the 
desired  voltage  is  one  of  finding 
two  combinations  of  75,  90,  105,  and 
150  volts  whose  difference  is  the  de¬ 
sired  voltage.  Either  combination 
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9  Compute  limit  on  i 

10  Compute  limit  on  iLmia 

11  Compute  uppw  limit  of  E, 


Rx 

Ri 


2  Ex 


( Lmax  tl  m  in*  I  im%x  ((initi 

_ 2^ _ 

Ikmax  **inin  (fmax  (fmin 

*  tt  —  it 
ia  =  ik  —  it 

Ee  —  El  —  Ei 


R. 


Rl 


isi  -I"  »*»  -f  3  it 

El 


E0  —  El  —  E% 
~Ro 


—  i  Si  —  2  i, 


kmxx  =  tk  ~{~  ittDMX  It 

kmia  =  tk  (l<  ((min) 

LnkMX  ^  t  If  t  tniMJL  ^  i  t 

Lmia  ^  it  (it  ~  itmxwi) 


Eemax.^  (Ei  -f*  Ej)  Ro  (ifcmln  + 

I  /-m  it!  -f-  tlniAx) 

12  Compute  lower  limit  of  Eomim  EmXm  ^  (■£’1  +  Ek)  Ro  ( —  -f 

iLmMX  tiBiii) 

13  Compute  Za  c  back  from  high-  ZkAc  =  Rsa  c  -f  Ria  c  +  Riac 

voltage  load 

14  Compute  Zac  back  from  low-  Zlac  =  R*a  c  -}-  Ria  c 

voltage  load 

^katax  fkmia*  recpectiTely.  are  the  maximum  and  minimum  values  of  the  high 
voltage  load  current. 

^Laiax  ^Laita'  respectively,  ore  the  maximum  and  minimum  values  of  low  volt¬ 
age  load  current 

*tmsx  respectively,  ore  the  maximum  and  minimum  rated  gas  tube  oper¬ 

ating  currents. 

Denote  the  overage  values  of  all  varying  quantities  by  a  bar  above  the  quantity 
symbol,  e.g«  E,,,,  =  E^ 

Denote  the  a-c  resistance  of  a  given  tube  by  R,r,  s>9»  for  V,  use  Ruc' 


FIG.  2 — Two  widely  different  output  volt¬ 
ages  are  provided  by  this  arrangement 

may  involve  any  or  all  of  the  four 
voltages.  For  example,  assume  that 
it  is  desired  to  have  165  volts  regu¬ 
lated  output.  This  may  be  obtained 
by  subtracting  75  volts  from  the 
sum  of  150  volts  and  90  volts. 

The  method  of  getting  the  sum 
of  any  voltages  is  to  put  the  tubes 
in  series  across  the  line  with  an  ap¬ 
propriate  dropping  resistor  in  series 
with  the  tubes.  The  subtraction  of 
any  voltage  from  this  sum  is  then 
accomplished  by  putting  the  com¬ 
bination  of  tubes  whose  voltage 
total  is  to  be  subtracted  in  series 
with  the  load.  This  is  shown  in 
Fig.  1,  for  an  output  of  165  volts. 

Two-voltage  Oetpet 

In  case  more  than  one  voltage  out¬ 
put  from  a  given  power  supply  is 
desired,  the  method  may  be  ex¬ 
tended.  Although  the  problem  may 
be  somewhat  more  complex,  depend¬ 
ing  upon  the  output  voltages  de¬ 
sired,  the  same  procedure  can  be 
applied.  As  an  example,  it  might  be 
desirable  to  have  a  power  supply 
to  be  used  for  testing  equipment 
which  is  designed  to  operate  from 
battery  voltages  of  135  volts  and 
45  volts. 

The  higher  voltage  may  be  estab¬ 
lished  by  subtracting  the  voltage 
across  a  VR-105  from  the  sum  of  the 
voltages  across  a  VR-150  and  a 
VR-90  in  series  as  shown  in  Fig.  2. 
The  45  volts  may  be  obtained  by 
subtracting  the  voltage  across  a 
VR-105  from  the  voltage  across  the 
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Regulated  Powei  Supplies 

Two  regulated  output  voltages  at  extreme  values  of  current  are 
provided  by  using  glow  discharge  tubes  in  the  proper  combination 


VR-150  which  is  in  series  with  the 
VR-90. 

Current  Variations 

In  Fig.  2,  more  current  would 
normally  flow  through  the  VR-90 
than  would  flow  through  the  VR- 
150,  so  it  is  advisable  to  shunt  the 
VR-90  with  a  resistor  which  will 
carry  the  excess  current  at  the  volt¬ 
age  established  across  it  by  the  VR 
tube  which  it  shunts.  This  equal¬ 
izes  the  current  operating  ranges 
of  the  tubes  in  series. 

The  load  current  range  for  the 
circuit  is  determined  by  the  fact 
that  the  current  through  the  input 
series  line  resistor  must  be  constant 
to  produce  the  constant  drop  be¬ 
tween  the  filter  output  and  the  two 
VR  tubes  in  series  across  the  line. 
As  the  load  currents  are  caused  to 
vary  in  any  order,  the  current 
through  the  VR-150  must  vary  by 
an  amount  equal  and  opposite  to 
the  algebraic  sum  of  the  load  cur¬ 
rent  variations.  Since  the  current 
through  the  VR-150  must  not  be 
less  than  5  ma  and  not  greater  than 
40  ma,  the  sum  of  the  load  current 
variations  cannot  be  greater  than 
35  ma. 

Although  the  current  range  of  the 
single  VR-150  sets  a  limit  on  the 
total  variation  of  load  current,  the 
magnitude  of  the  load  currents 
available  may  be  increased  by 
shunting  the  series  dropping  tubes 
by  suitable  resistance.  For  example, 
if  it  is  desired  to  have  a  load  cur¬ 
rent  of  100  ma  available  at  135 
volts  and  60  ma  at  45  volts,  the  VR- 
105  in  the  135-volt  line  should  be 
shunted  with  a  resistor  which  will 
carry  the  current  in  excess  of  the 
rated  current  through  the  VR-105. 

If  100  ma  is  the  maximum  cur¬ 
rent  required  at  135  volts,  a  current 
well  up  in  the  operating  range  of 
the  VR-105  may  be  selected.  By  al¬ 
lowing  30  ma  through  the  tube,  the 


resistor  must  carry  the  remaining 
70  ma  at  105  volts.  This  would  re¬ 
quire  a  resistor  of  1500  ohms  for 
shunting  the  VR-105. 

If  a  current  in  the  VR-105  in  the 
45-volt  line  is  picked  at  30  ma,  this 
would  then  require  a  shunting  re¬ 
sistor  which  would  carry  the  re¬ 
maining  30  ma  of  load  current  at 
105  volts  or  a  resistance  of  3500 
ohms  across  this  VR-105.  The  series 
dropping  resistor  would  then  have 
to  carry  the  total  load  current  of 
160  ma  plus  the  current  through  the 
VR-150. 

If  the  160-ma  load  current  is  the 
maximum  load  current  of  a  range 
of  load  currents,  the  current  in  the 
VR-150  should  be  of  a  minimum  op¬ 
erating  value.  This  would  assure 
the  maximum  compensating  value 
of  the  VR-150  current  as  it  increases 
with  decreasing  total  load  current. 
Assuming  a  current  in  the  VR-150 
of  10  ma,  the  total  filter  current  will 
be  160  ma  plus  10  ma  or  170  ma. 

The  .series  dropping  resistor  at 
the  filter  output  is  computed  by  ap¬ 
plication  of  Ohm’s  Law: 

„  Eo  -  240  ^ 

0.170 

where  Eo  is  the  output  voltage  of  the 
filter,  and  240  volts  is  the  voltage 
across  the  VR-90  and  VR-150  in 
series. 

The  VR-90  should  then  be  shunted 
by  an  equalizing  resistor  to  make 
the  currents  in  the  VR-90  and  the 
VR-150  equal.  The  resistor  must 
carry  all  of  the  load  current  of  the 
45-volt  output.  This  is  60  ma,  and 
the  resistor  voltage  will  be  90  volts 
as  determined  by  the  tube.  The 
resistor  will  be  1500  ohms.  The 
schematic  diagram  will  then  be  as 
shown  in  Fig.  3. 

If  the  load  current  requirement 
from  a  regulator  of  this  type  is  too 
low  in  one  or  more  branches,  a 
shunting  bleeder  of  suitable  resist¬ 
ance  may  be  employed  to  increase 


the  load  drain  to  an  operable  value 
in  the  load  branches  involved. 

Since  the  low  voltage  is  obtained 
by  taking  the  difference  between 
two  larger  voltages,  this  may  yield 
a  larger  tolerance  on  low  output 
voltage  on  a  percentage  basis  than 
the  rated  percentage  tolerance  of 
any  of  the  individual  tube  voltages. 
The  tolerance  in  volts,  however,  will 
not  be  greater  than  the  sum  of  the 
voltage  tolerances  of  the  tubes 
which  determine  the  low  output 
voltage. 

Table  I  gives  a  general  method  of 
solving  for  the  circuit  components 
w'hen  two  output  voltages  and  the 
extreme  values  of  load  currents  are 
specified.  Certain  restrictions  must 
necessarily  be  put  on  the  output 
current  variations.  The  solution 
yields  the  permissible  input  voltage 
variation  for  the  range  of  load  cur¬ 
rents  desired,  and  the  internal  a-c 
impedance  looking  back  from  the 
load. 

The  component  symbols  used  in 
Table  I  apply  to  Fig.  3.  Measured 
values  of  regulation  were  2  volts 
variation  of  the  135-volt  output  and 
1.3  volts  variation  of  the  45-volt  out¬ 
put  for  an  a-c  line  voltage  variation 
from  105  volts  to  125  volts. 


FIG.  3 — For  high-current  requirements,  re¬ 
sistors  are  shrmted  across  the  Toltage-  regu¬ 
lator  tubes  in  series  with  the  loads 
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Photoelectric 
Street  Lighting 


Control 


Predetermined  foot  -  candle 
levels  of  light  near  twilight 
and  dawn  actuate  a  phototube 
and  electronic  amplifier  to 
switch  secondary  circuits  on 
and  off.  Storms  causing  pre¬ 
mature  darkness  also  actuate 
lights  to  promote  pedestrian 
and  motorist  safety 


By  CHARLES  E.  MARSHALL 

Project  Engineer 
The  Ripley  Company 
Torrington,  Conn. 


Interior  of  the  switch,  showing  phototube  and  amplifier  tubes  on 
the  top  deck,  component  ports  below,  and  connection  socket  at 

the  bottom 


The  automatic  control  of  street 
lighting  by  photoelectric  relays 
has  been  the  subject  of  considerable 
research  and  experimentation  for 
several  years.  As  far  back  as  1937  a 
utility  company  in  New  York  State 
replaced  manual  and  mechanical 
means  of  simultaneously  switching 
about  200  city  lighting  circuits,  hav¬ 
ing  a  load  of  about  3,000  kilowatts, 
with  photoelectric  equipment.  The 
successful  use  of  photoelectric  relays 
to  control  existing  primary  circuits 


has  now  made  utility  engineers  con¬ 
scious  of  the  possibilities  of  utilizing 
this  method  to  switch  individual 
lights  on  secondary  circuits. 

Foremost  among  the  objectives 
prompting  research  has  been  the  pro¬ 
motion  of  safety  for  pedestrians  and 
motorists.  This  is  accomplished  by 
turning  on  lights  when  local  condi¬ 
tions,  such  as  early  evening  overcasts 
or  storms,  require  it.  Another  ob¬ 
jective  has  been  to  provide  such 
service  without  increasing  cost. 


Lights  are  promptly  turned  off  when 
local  storms  pass. 

Operoting  Principle 

The  Sunswitch,  to  be  described, 
employs  predetermined  foot-candle 
levels  of  daylight  to  operate  a  mag¬ 
netic  relay  through  the  medium  of  a 
phototube  and  vacuum  tube  ampli¬ 
fiers. 

Referring  to  Fig.  1,  daylight  fall¬ 
ing  on  the  cathode  of  the  phototube 
causes  current  to  flow,  and  this  oper- 
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Sunswitch  suitable  for  mounting  on  a  street 
lighting  system  pole 


ates  6SJ7  pentode  amplifier  Vi.  The 
output  of  Vi  charges  a  time-delay 
network  in  the  grid  circuit  of  the 
first  triode  (V-)  of  a  6SN7  dual  tri- 
ode.  The  output  of  V.  charges  a  time- 
delay  network  in  the  grid  circuit  of 
the  second  triode  section  (Vj)  of  the 
6SN7.  The  output  of  controls  a 
magnetic  relay.  Contacts  on  the 
relay  switch  the  lighting  circuit  on 
or  off  according  to  the  level  of  day¬ 
light  falling  on  the  phototube. 

The  time-delay  networks  provide  a 
fixed  time  delay,  of  15  to  20  seconds, 
before  the  magnetic  relay  operates 
after  a  change  in  the  light  level  on 
the  phototube. 

Installation 

The  photoelectric  switch  is  located 
in  close  proximity  to  the  lighting 
circuit  which  it  controls.  It  may  be 
used  to  control  one  or  more  lights.  If 
the  lighting  load  current  exceeds  the 
rating  of  the  relay  contacts,  then 
auxiliary  relays  are  used. 

The  unit  is  installed  to  receive 
light  as  viewed  from  a  northerly 
direction.  This  is  done  to  prevent 
direct  rays  of  the  sun  from  entering 
the  light  aperture.  The  light  level  at 
which  the  control  is  usually  set  to 
operate  occurs  before  and  after  the 
rise  and  setting  of  the  sun. 

Light  is  received  through  a  glass 


window  on  the  side  of  the  weather¬ 
proof  aluminum  housing.  The  entire 
assembly  is  mounted  on  a  bracket  de¬ 
signed  for  attachment  to  a  conven¬ 
tional  street  lighting  pole.  The  upper 
section  contains  the  electronic  com¬ 
ponents  and  can  be  detached  for  ease 
of  replacement  and  servicing. 

Wiring  is  brought  into  the  control 
through  a  three-terminal  plug  con¬ 
nector  located  in  -  the  bottom.  One 
terminal  is  common  to  the  supply 
line  and  the  load  circuit,  the  second 
is  for  connection  to  the  high  side  of 
the  110-v  line,  and  the  third  is  for 
connection  to  the  switched  side  of 
the  lighting  circuit.  The  lighting- 
control  leads  may  be  connected  di¬ 
rectly  to  the  lamp  load,  or  through  a 
110-volt  pilot  circuit  to  the  load. 

Design 

The  primary  consideration  in  de¬ 
sign  was  to  develop  a  product  that 
would  meet  the  exacting  mechanical 
and  electrical  specifications  and 
standards  found  in  present-day  util¬ 
ity  lighting  equipment,  and  having 
the  control  features  discussed  here. 

The  control  operates  at  a  minimum 
average  light  level  of  one  foot-candle. 
After  making  continual  test  of  daily 
light  conditions  in  a  specific  area 
over  an  extended  period  of  time  it 
was  found  that  this  level  was  present 
approximately  25  minutes  before 
sunrise  and  25  minutes  after  sunset. 
Collaboration  with  utility  companies 
showed  this  minimum  level  to  be 
suitable  for  street-lighting  control. 


A  second  requirement  was  that  a 
time  delay  take  place  before  the 
lighting  circuit  operated,  after  the 
light  level  on  the  phototube  increased 
or  decreased.  This  was  to  prevent 
intermittent  operation  of  the  light¬ 
ing  circuit  by  momentary  changes  in 
light  caused  by  passing  clouds,  flying 
objects,  and  lightning  flashes. 

Transformer,  tube  and  relay  selec¬ 
tion  resulted  from  a  close  study  of 
application  requirements.  Experi¬ 
ence  in  the  industrial  control  fleld 
has  indicated  that  low-voltage  heater 
tubes  are  long-lived  and  reliable. 
The  selection  of  such  tubes  required 
that  a  transformer  be  incorporated. 
Other  arrangements  w'ould  require 
higher  heater  voltage  and  series 
voltage-dropping  resistors,  with  an 
accompanying  waste  of  power. 

It  appeared  desirable  tq  maintain 
a  potential  of  less  than  100  volts  be¬ 
tween  the  heater  and  cathode  of  the 
various  tubes  to  insure  long  life. 
This  was  accomplished,  as  shown  in 
Fig.  2,  by  connecting  one  end  of  the 
heater  winding  of  the  6SN7  to  a  55- 
volt  tap  on  the  transformer. 

An  adjustable  sensitivity  control 
permits  the  setting  of  the  operating 
point  of  the  control  for  any  light 
level  between  one  and  ten  foot-can¬ 
dles.  This  control  varies  the  bias 
voltage  of  the  first  triode  amplifier. 

It  was  desirable  to  have  a  mini¬ 
mum  of  moving  parts  in  the  control 
to  forestall  failure  due  to  wear  or 
sticking,  therefore  the  necessary 
time  delay  periods  were  obtained  by 


FIG.  1 — Block  diagram  oi  the  photoelectric  street  lighting  control 
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the  use  of  a  capacitor  and  resistor 
network  for  each  of  the  required 
periods.  Time  delay  is  always  20 
seconds  or  more  when  the  daylight 
level  is  high  compared  to  the  sensi¬ 
tivity  setting  of  the  control.  When 
decreasing  daylight  level  approaches 
this  setting,  however,  the  time  delay 
diminishes.  Just  before  the  critical 
level  at  which  operation  takes  place, 
any  momentary  interruption  of  light 
on  the  phototube  will  cause  the  relay 
to  operate. 

Due  to  the  differential  between  the 
turn-on  and  the  turn-off  level,  the 
light  controlled  by  the  switch  will 
remain  on  after  the  interruption  has 
passed.  The  reverse  of  this  is  true 
when  the  level  of  daylight  increases 
and  again  approaches  the  critical 
sensitivity  setting  of  the  control,  but 
from  the  opposite  direction. 

Circuit  Action 

In  a  study  of  the  circuit,  the  in¬ 
stantaneous  polarity  of  the  voltage 
from  the  transformer  must  be  taken 
into  account. 

The  phototube  and  amplifiers  are 
actually  half-wave  rectifiers,  con¬ 
ducting  only  when  their  anodes  are 
positive.  The  inherent  character¬ 
istics  of  uncompensated  direct- 
coupled  amplifiers,  such  as  drift  and 
instability,  are  of  minor  importance 
in  this  application.  The  operating 
period,  when  the  control  will  respond 
to  a  certain  light  level,  will  only 
occupy  several  minutes  out  of  any 
one  day.  At  all  other  times  when  the 
light  level  is  high,  or  below  the  oper- 
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ating  point,  the  amplifiers  are  oper¬ 
ating  either  at  zero  bias  or  well 
beyond  cutoff. 

The  circuit  has  exceptional  sensi¬ 
tivity.  With  the  sensitivity  control 
set  at  maximum,  it  requires  a  power 
input  of  only  two  microwatts  at  the 
grid  of  the  6SJ7  for  operation.  That 
is  sufficient  to  control  500  milliwatts 
in  the  plate  circuit  of  Fa,  and  repre¬ 
sents  a  gain  of  53.9  db. 

The  choice  of  a  phototube  with 
high  sensitivity  combined  with  good 
stability  was  imperative.  The  929,  a 
high-vacuum  type  with  a  rubidium 
cathode,  was  finally  selected.  This 
phototube  has  its  peak  sensitivity  in 
the  blue  region  of  the  spectrum.  It 
is  the  blue  light  before  dawn  that  is 
the  primary  medium  for  operating 
the  unit. 

Assuming  that  incident  light  strik¬ 
ing  the  phototube  cathode  is  greater 
than  one  foot-candle  (four  millilu- 
mens  on  cathode  area),  sufficient  cur¬ 
rent  will  flow  through  Ri  to  reduce 
the  grid  voltage  of  Vi  to  zero.  The 
6SJ7  will  now  conduct  on  every  half 
cycle  when  the  plate  is  positive.  The 
voltage  developed  across  load  resistor 
will  charge  capacitor  C,  through 
Ri.  When  Cj  is  charged  to  its  maxi¬ 
mum  value  (140  volts)  Fi  need  only 
supply  current,  necessary  to  make 
up  the  losses,  on  a  small  portion  of 
its  conducting  cycle.  Grid  current  of 
the  succeeding  triode,  flowing 
through  Ri  and  R^  supplies  the  rest. 

Variations  of  plate  current  due  to 
changes  of  light  at  the  phototube 
have  no  immediate  effect  on  F,  unless 
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FIG.  2 — Circuit  diagram  of  the  photoelectric  street  lighting  control 


those  changes  are  of  a  greater  time 
constant  than  C,  and  Rt  —  i2,.  The 
grid  of  Vi  is  biased  negative  beyond 
cutoff  under  this  condition.  No  volt¬ 
age  is  developed  across  the  plate  load 
resistor  Rt. 

It  will  be  noted  that  the  combina¬ 
tion  of  Ci,  Rt  and  Rs  is  another  tim¬ 
ing  network,  similar  to  that  in  the 
plate  circuit  of  Fi.  Capacitor  C*  in 
this  timing  network  will  be  dis¬ 
charged  when  there  is  more  than  one 
foot-candle  of  light  on  the  phototube. 
The  grid  of  the  last  amplifier  F*  is, 
under  this  condition,  at  zero  bias. 
With  200  volts  on  the  anode,  it  draws 
ten  milliamperes  of  plate  current, 
which  energizes  the  5,000-ohm  coil 
of  relay  CRx.  Capacitor  C„  across 
the  relay  coil,  smooths  out  pulsating 
current. 

Relay  CRu  acting  as  a  pilot  relay, 
controls  the  load  indirectly  by  switch¬ 
ing  relay  CRi.  Because  this  relay  is 
energized  when  there  is  light  on  the 
phototube,  failure  of  the  tubes  or 
the  transformer  will  be  indicated  by 
the  lamp  load  burning  continually 
during  daylight  hours. 

When  the  light  level  falls  below  a 
predetermined  value,  the  voltage 
drop  across  phototube  load  resistor 
Ri  is  reduced  and  the  fixed  bias-volt- 
age  takes  control  of  the  Fi  grid.  Ex¬ 
actly  the  opposite  of  what  was 
explained  above  now  takes  place. 
With  the  flow  of  6SJ7  plate  current 
cut  off,  the  timing  network  begins  to 
discharge.  The  potential  across  C, 
must  decay  below  15  volts  before  F, 
will  start  conducting.  When  the 
power  in  the  relay  coil  of  CRi  drops 
below  45  milliwatts  the  contacts  close 
and  energize  CR,. 

Tests  have  shown  that  it  is  not 
practical  to  switch  more  than  a  few 
hundred  watts  with  the  contacts  of 
C/2,.  When  the  contacts  close  at  the 
peak  of  the  voltage  cycle,  the  surge 
current  for  cold  incandescent  lamps 
is  ten  times  the  normal  value.  This 
current  surge  has  a  tendency  to  w^eld 
the  contacts  and  sufficient  power 
must  be  developed  in  the  coil  to 
break  the  weld. 

A  spark  gap  is  provided  for  use  in 
suppressing  transient  surges  in  the 
power  line  caused  by  lightning  dis¬ 
charges.  When  the  switch  is  located 
in  an  outlying  area,  away  from  town, 
these  transients  may  otherwise  reach 
a  peak  great  enough  to  break  down 
the  transformer  insulation. 
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N*.  iicimi 
lAMINATiO  OCTAl 
T1IM  SOdCtT 


LAMMATW 
CONMCTOt  SOCKfT 


.  .  .  more  often  than  not,  among  leading 
manufacturers  of  ''radio  sets  and  communi¬ 
cation  equipment,"  the  sockets  are  CINCH 
made.  Constructed  for  lifetime  service  by 


N*.  6972 
MOiOIO  * 

LOKTAl  TU«f  SOCKCT 


m.  9337 
MOlDiD 

MINIATUtf  SOCKIT 


CINCH  "Know  How".  You  will  recognize 
here  the  sockets  in  general  use;  Octal, 
Miniature,  Loktal,  Connector  and  Laminated 
Octal  Types.  In  design,  material,  workman¬ 
ship  and  performance,  the  CINCH  Socket 
is  THE  STANDARD. 


MANUFACTURING 
CORPORATION 

2335  West  Van  Buren  Street,  Chicago  12,  Illinois 

Subsidiary  of  Unittd-Carr  Fa>ttn«r  Corp.,  Cambridgt  42,  Matt. 
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TRACKING 

Permeability-Tuned  Circuits 

By  A.  W.  SIMON 

Stetrart-Warner  Corp. 

('hicago.  III. 


The  system  of  tuning  shown  in 
Fig.  lA  employs  ganged,  identi¬ 
cal  variable  capacitors  with  a  series 
(padder)  capacitor  and  a  shunt 
(trimmer)  capacitor  to  restrict  the 
range  of  the  oscillator  section  in  su¬ 
perheterodyne  receivers.  It  has  its 
exact  counterpart  in  permeability- 
tuned  systems  (ganged,  identical, 
iron  cores  and  coils)  except  that,  on 
account  of  the  inverse  relationship 
between  capacitance  and  inductance, 
the  series  capacitor  is  replaced  by  a 
shunt  coil,  and  the  shunt  trimmer 
by  a  series  coil,  as  indicated  in 
Fig.  IB. 

The  theory  of  tracking,  or  main- 
tainance  of  a  constant  frequency  dif¬ 
ference  between  the  r-f  and  oscillator 
sections,  has  been  discussed  for  the 
case  of  ganged  capacitors  by  various 
authors.  Two  general  methods  of 
analysis  have  been  presented,  one  of 
which  is  based  on  the  solution  of  a 
cubic  equation,'  and  the  other  on  the 
properties  of  an  equilateral  hyper¬ 
bola.*  The  latter  method  is  much 
less  laborious  than  the  former,  and 
is  accordingly  applied  to  the  solu¬ 
tion  of  the  permeability-tuned  sys¬ 
tem  problem. 

It  should  be  noted,  in  connection 
with  the  circuit  of  Fig.  IB,  that  the 
series  coil  L,  could  also  be  placed  on 
the  capacitor  side  of  the  shunt  coil 
L„  or  coils  could  be  placed  in  both 
positions,  without  departure  from 
three-point  tracking. 

If  the  problem  is  treated  accord¬ 
ing  to  the  method  of  Roder,  we  com¬ 
pute  three  pairs  of  values  ««  yi  (i  — 
1,  2,  3)  according  to  the  equations 

(1) 

Vi  =  4t*  Fi*  Cl  (2) 

where  A  and  Fi  represent  a  pair  of 
corresponding  signal  and  oscillator 
frequencies,  respectively,  at  which 
perfect  tracking  is  desired  (taken 
preferably  in  ascending  order)  and 
from  these  in  turn  compute  three 
auxiliary  parameters  a;„,  i/,  and  K 
given  by 


xo  =  Dx/ 0 

(3) 

yo  =  Dyf  O 

(4) 

K  =  (x,  —  Xo)  (yi  — 

yo) 

(5) 

where 

I)  =  ~ 

(xjy*  -  xjyj) 

1  1 

(6) 

(yi  -  yt) 

"  (y*  -  y.) 

(xiyi  —  xtyj) 

(xjyi  —  x*ya) 

(7) 

/>  _  (y*  ~  y*) 

(y*  -  yi) 

1  1 

(8) 

The  desired  values  of  the  circuit 
constants  sought  are  then  given  by 


Lp  *=  K/ya 

(9) 

L«  =  —  X# 

(10) 

II 

(ID 

A  practical  axaaple 

A  numerical  example  will  make  the 
foregoing  clear.  (In  practice  the 
47c*  is  best  carried  along  as  a  factor 
since  it  cancels  out  in  most  of  the 
operations.)  The  computations  are 
carried  out  in  practical  units,  — 
cycles,  farads  and  henrys.  Let  it  be 
required  to  calculate  L„  L,  and  C, 
given  that  Ci  =  80/i/if ,  A  =  600  kc, 
ft  =  1,000  kc  and  /,  =  1,500  kc,  for 
an  intermediate  frequency  of  455  kc, 
so  that  Fi  =  1,055  kc,  F*  =  1,455  kc, 
and  Ft  =  1,955  kc. 


Eq.  1  and  2  yield 

=  3.4723  X  10-* 

1/i/4t*  =  89.04 
Xij/i  =  3.0917 
4x»x,  =  1  2500  X  10-* 
y,/4T»  =  169.36 
xjj/,  =  2.1170 
4t*x»  =  5.5556  X  lO*' 
j/i/4t*  =  305.76 
xiyi  =  1 .6987 

SO  that  we  have 

/>,/4ir*  =  -f  2.5275  X  10-* 

4ir*D,  =  -  99.39 
D  =  -  2  4735 

the  values  of  the  auxiliary  para¬ 
meters  are 

lo  =  2.5884  X  10-‘ 
yo  =  1 .5863  X  10* 

K  =■  1 .7476 

so  that  the  required  circuit  para¬ 
meters  are 

Lp  =  1127. 3M 
L.  =  25.88  gh 
Ct  =  45.777  mm/ 

While  the  calculations  are  some¬ 
what  lengthy,  they  involve  none  but 
arithmetic  operations.  The  use  of 
logarithms  greatly  shortens  the 
labor  of  computation. 
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FIG.  1 — CoiiT«iitional  Tariable-capacitanc*  tun*<l  r-i  and  local  oscil¬ 
lator  circuits  (A)  and  sqidTalsnt  permsobility  tuned  circuits  (B)  os 
used  in  a  superheterodyne  receiver 
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!tands  Up  Under  Terrific  Overload 

Because  It  is  a 


Magnesium  Copper  Sulphide  Rectifier 


nesium 


ABORATORY  experiments  have 


demonstrated  again 
^  ^  and  again  that  Mallory  magnesium  copper  sulphide 
rectifiers  can  operate  without  failure  at  temperatures  as 
high  as  500 degrees  Fahrenheit... Such  temperatures,  of 
course,  are  not  practical  commercially.  But  they  prove 
that  Mallory  rectifiers  can  stand  severe  current  over¬ 
loads  and  yet  carry  on  without  impairment  .  .  .  Thanks, 
too,  to  the  self-healing  qualities  of  Mallory  sulphide 
junctions,  Mallory  rectifiers  can  ""take”  momentary  volt¬ 
age  surges  that  would  put  most  rectifiers  out  of  com¬ 
mission  .  .  .  See  your  Mallory  distributor  for  Rectifier 
Catalog.  Write  direct  for  engineering  assistance. 


Durable  all-metal  construc¬ 
tion 


Small  size,  light  weight 

No  moving  parts  to  w  ear  out 

Output  unaffected  by  tem¬ 
peratures 

Maximum  overload  range 

Constant  output  dur¬ 
ing  rectifier  life 

Low  operation  cost 


(Jiight)  A  Consulidatfd 
yulteeemplnye  connects 
gigantic  batteries  to 
Mallory  Chargers.  The 
Chargers  are  equipped 
U'ith  Mallory  Rectifiers. 
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Surgeless  Volume  Expander 

By  A.  Nelson  Butz,  Jr. 

Director,  Ordnance  Research  LahumUn  ft 
The  Pennsylvania  State  CoUcfte 
State  College,  Pennsitlrania 


With  few  exceptions,  volume  ex¬ 
pander  systems  have  utilized  the 
change  in  transconductance  of  a 
vacuum  tube,  as  a  function  of  one 
of  grid  voltages,  to  vary  the  ampli¬ 
fication  in  such  fashion  as  to  en¬ 
hance  the  dynamic  range  of.  the 
program  being  reproduced. 

For  the  expansion  action  to  be  as 
unobtrusive  as  possible,  the  attack 
time  must  be  made  sufficiently 
rapid  to  permit  complete  expansion 
almost  immediately  upon  the  be¬ 
ginning  of  a  loud  passage.  Decay 
of  the  expanded  level,  however, 
must  occur  considerably  slow’er  lest 
rapid  increases  and  decreases  of 
level,  in  staccato  passages  in  par¬ 
ticular,  should  modulate  lower-level 
intervals.  Another  reason  for  re¬ 
quiring  a  fairly  slow  decay  time  is 
to  permit  a  realistic  decay  of  rever¬ 
beration  in  reproducing  music  pro¬ 
duced  in  live  concert  halls  or 
studios.  It  is  obvious  that  a  rapid 
decay  of  expansion  would  accen¬ 
tuate  the  decay  of  reverberation 
and  deaden  quite  effectively  the 
normal  studio  characteristics. 

Seed  for  Push  pull 

In  securing  expansion  through 
variation  of  transconductance,  a 
change  of  plate  current  in  the 
expander  stage  necessarily  occurs. 
If  an  expander  circuit  is  con¬ 
structed  in  as  simple  a  form  as  pos¬ 
sible,  with  a  single  controlled  tube, 
this  dynamic  change  of  plate  cur¬ 
rent  appears  as  a  component  of  the 
program  being  reproduced.  As  a 


result,  the  time  constant  of  expan¬ 
sion  attack  must  be  made  suffi¬ 
ciently  long  to  place  the  components 
of  the  plate  current  surge  in  the 
subaudible  region.  In  an  amplify¬ 
ing  system  with  good  low-frequency 
response,  this  factor  necessitates  a 
minimum  attack  time  of  about  0.5 
second,  which  is  so  slow  as  to  pro¬ 
duce  a  noticeable  gradual  increase 
in  the  louder  passages. 

The  problem  is  aggravated  by  the 
fact  that  the  ab.«solute  plate  voltage 


change  caused  by  expansion  is 
usually  considerably  larger  in  mag¬ 
nitude  than  the  desired  signals. 
The  obvious  method  of  avoiding  the 
effect  of  plate  current  surges  has 
been  incorporated  in  certain  sys¬ 
tems  which  use  a  pushpull  expander 
stage.  In  this  case,  the  d-c  surge 
in  each  expander  tulje  is  cancelled 
out  in  the  pushpull  transformer  of 
the  expander  system.  However, 
the  expense  of  a  high-quality  out¬ 
put  transformer  for  such  a  system 
would  place  it  beyond  the  economic 
reach  of  many  users.  In  addition, 
a  pushpull  input  transformer  would 
be  required  to  secure  rapid  expaii- 
sion  action  because  an  RC  input 
circuit  would  necessarily  introduce 
an  undesirable  .system  time  con¬ 
stant. 

Single-ended  System 

The  expander  circuit  shown  in 
Fig.  1  represents  a  method  of 
balancing  out  changes  in  plate  cur¬ 
rent  while  maintaining  the  entire 
system  single-ended  with  respect 
to  ground  and  eliminating  the 
necessity  of  using  expensive  trans¬ 
formers.  In  addition,  the  inherent 
system  distortion  is  extremely  low 
over  a  controlled  range  of  approxi¬ 
mately  15  db.  The  attack  time  may 
be  made  extremely  short  without 


Fiq.  1 — Circuit  oi  singlu^nded  Tolume  •xpemdur  thot  ruquirM  no  pushpull  trons- 
formor  for  concolinq  out  the  d-c  surge  in  eadi  expander  tube 
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In  precision  control  of  today's  products  you  will  usually  find 
ttandard  type  Guardian  Relays.  Such  recognition  of  standard 
type  Guardion  Relays  by  forward  thinking  design  engineers  is 
the  result  of  forward  planning  by  Guardian  to  produce  basic 
design  relays  with  the  highest  potential  of  variations.  Thus, 
in  many  coses  where  "specials"  were  formerly  deemed  neces¬ 
sary,  variations  of  Guardian’s  standard  type  relays  proved 
better  qualified  on  performonce*— price— de/ivery.  Guardian  con¬ 
trols  include  o  complete  line  of  basic  type  relays— solenoids 
—  magnetic  contactors  — switches.  If  a  "special"  unit  or  a 
complete  control  assembly  is  needed,  Guardian's  expert 
engineering  is  at  your  command.  Write  for  bulletin  No.  T  R-9. 


CHICAGO  12,  ILLINOIS 


U25.K  W.  WALNUT  STREET 
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Two-frequency  I-F  Tran8fonner8 


By  Robert  T.  Thompson 

Engineering  Department 
y.rnith  Radio  Cierporntinii 
f'hirago,  Illimoitt 


causing  undesirable  surges,  while 
the  release  time  may  be  made  as 
long  as  desired. 

The  audio  signal  is  applied  to 
grid  1  in  a  conventional  fashion 
while  the  variable  expander  bias  is 
applied  to  the  suppressor.  As  the 
suppressor  is  made  more  positive, 
from  a  given  negative  value,  the 
screen  current  decreases  while  the 
plate  current  increases.  In  the 
6SJ7,  the  negative  transconduc¬ 
tance  to  the  screen  and  the  positive 
transconductance  to  the  plate  match 
closely  when  the  plate  transconduc¬ 
tance  is  changed  over  a  wide  range 
without  altering  the  total  cathode 
current.  Unfortunately,  as  the  sup¬ 
pressor  bias  is  varied,  the  sum  of 
control  grid  to  screen  and  control 
grid  to  plate  transconductances 
remains  constant,  and  if  screen  and 
plate  of  a  single  tube  were  tied  to¬ 
gether,  no  appreciable  variation  of 
overall  gain  will  occur. 

Use  of  Dummy  Tube 

The  plate  of  the  signal  amplifier 
is  connected  to  the  screen  of  a 
dummy  6SJ7,  and  since  expansion 
voltage  is  applied  to  the  sup¬ 
pressor  of  both  tubes,  the  dynamic 
change  in  plate  current  in  the 
signal  amplifier  is  balanced  by  the 
opposite  change  of  screen  current 
in  the  dummy.  In  a  similar  fash¬ 
ion,  screen  current  change  in  the 
signal  amplifier  is  cancelled  by  plate 
current  change  in  the  dummy. 
Consequently,  variation  of  the  effec¬ 
tive  transconductance  of  the  signal 
amplifier  is  secured  without  in¬ 
troducing  current  surges  in  the 
signal  circuit. 

The  maximum  signal  input  to  the 
expander  stage  is  approximately 
0.25  volt,  and  the  maximum  signal 
output  of  the  system  is  of  the  order 
of  several  volts.  The  diode  rectifier 
•  incorporated  in  the  suppressor 
circuit  prevents  the  expander  recti¬ 
fier  from  driving  the  suppressor 
positive,  which  would  produce 
blocking  and  loss  of  expansion  con¬ 
trol.  The  time  constants  of  the 
expansion  rectifier  systems  are 
such  that  75  percent  of  final  gain  is 
achieved  in  the  Fast  position  in 
approximately  0.02  second.  This 
time  constant  is  tripled  in  Slow 
position.  The  two  decay  times  are 
about  0.5  and  1.2  second  respec¬ 
tively. 


The  two-frequency  i-f  trans¬ 
formers  to  be  described  were  de¬ 
signed  to  provide  something 
smaller,  more  stable,  and  less  costly 
than  prewar  units  for  a-m  f-m  re¬ 
ceivers.  Most  such  receivers  used 
a  standard  455-kc  transformer  in 
series  with  another  transformer  at 
some  higher  frequency  or  else  an 
entirely  separate  i-f  channel,  tubes 
and  all,  for  the  f-m  band. 

It  was  found  two  i-f  stages  could 
be  cheaper  than  one  because  the 
extra  components  were  required  for 
the  8.3-mc  channel,  and  the  cost  of 
four  high-Q  windings  in  a  small 
can  was  greater  than  six  low-Q  coils. 
The  added  cost  of  the  tw'o  silver 
mica  capacitors  was  negligible  be¬ 
cause  of  a  feature  of  the  assembly. 


The  two-stage  i-f  channel  is 
about  U  kc  wider  at  2  X  and  about 
10  kc  narrower  at  1,000  x.  The 
two-stage  channel  uses  coils  hav¬ 
ing  a  Q  in  air  of  about  50  and  a 
silvered  mica  capacitor  of  about 
400  /i/if.  Production  exi)erience 
with  these  units  has  shown  further 
savings  because  low-gain,  low-Q 
units  have  less  production  varia¬ 
tions  and  fewer  rejects.  The  sen¬ 
sitivity  at  the  converter  grid  is 
about  25  microvolts  for  50  milli¬ 
watts  output.  If  gain  needs  to  be 
increased  or  decreased  for  different 
models,  the  position  of  the  tap  on 
the  secondary  of  the  second  i-f 
transformer  is  a  convenient  means 
to  this  end. 

The  combination  circuit  appeared 


Crossroads  Drone  Pilot 


Radio-controlled  Flying  Fortrossos  that  Row  into  the  blast  dond  in  atom 
tests  were  maneusered  by  a  pilot  using  equipment  shown  aboTS.  Tbe  )oy<etlck 
box  controlled  the  drone's  flight  and  the  operator  eiewed  the  flying  path  of  the 
drone  on  the  screen  of  telerldon  monitor.  While  possing  through  the  bomb 
douds.  the  drones  were  guided  by  Minneapolis  Honeywell  automatic  pilots 
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fUNCTIONi  PERFECTLY  ih  a  5  kw 

1600  KC  HEATING  FIELD! 


Steatite  lead-in  bushings 
are  designed  for  minimum 
leakage  under  severest 
outdoor  conditions. 


Metal  capped  stand-off  in¬ 
sulators  of  low  loss  Stea¬ 
tite  are  available  in  many 
types  and  siies. 


Like  many  problems  solved  by  GENERAL  CERAMICS  Steatite,  this 
one  was  tough.  Insulator  supports  were  required  for  a  special  work 
bench.  The  work  bench  was  located  in  a  5  kw,  1600  kc  heating  field 
used  for  pre-heating  plastic  slugs.  In  other  words,  an  insulator  was 
needed  that  would  stand  up  in  equipment  specifically  designed  to 
cook  insulators. 

Many  insulators  were  tried  without  success.  The  general  deficiency 
was  overheating,  crazing,  disintegration  and  substantial  power  loss. 
Some  failed  in  15  minutes  flat. 

GENERAL  CERAMICS  Steatite  insulator  No.  1088-00  solved  this 
problem  simply  and  permanently.  Because  of  low  loss,  these  Steatite 
supports  maintained  a  low,  steady-state  temperature  of  only  125° 
Centigrade  and  permanently  retained  their  mechanical  characteristics 
under  the  stress  and  strain  of  high  production. 

After  months  of  continuous  duty  they  are  as  good  as  when  in¬ 
stalled  —  another  typical  case  that  emphasizes  the  importance  of 
GENERAL  CERAMICS  Steatite’s  low  loss  factor  of  0.7  X  at  1000  KC. 


Writ*  today  for  48-pag*  booklet - 
G*ft*ral  C*ramic  Stootit*  Insulators 


ceuumcsomI  siuim  cmp. 

GENERAL  OFFICES  and  PLANT:  KEASBEY,  NEW  JERSEY 
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I-F  TRANSFORMERS  (continu.d) 


For  every  requi 


piX.  MODELS  HAVE  THE 

SIMPLIFIED 

logawthmic 

SCALE 


standard 

AAoddSOO 


Ideal  for  the  Accurate  measure¬ 
ment  of  AC  voltages  in  the  Audio, 
Supersonic,  Carrier  Current  and 
Television  ranges. 

Use  of  Logarithmic  voltage  scale  as¬ 
sures  uniform  accuracy  of  reading 
over  whole  scale  while  permitting 
range  switching  in  decade  steps. 

Each  Voltmeter  ecpiipped  with  an 
output  jack  so  that  the  instru¬ 
ments  can  he  used  as  a  high-  ^ 
gain  stable  amplifier. 

SPECIFICATIONS 

MODaSOO 

RANGE— ,001  lo  100  voHs. 

FREQUENCY— 10  to  150,000  cycks. 
ACCURACY— of  any  point  on  scak. 

AC  OPBtATION— 110-120  volh. 

MODa304 

RANGE— 4)01  to  100  volh. 

FREQUENCY— 30  c.p3.  to  5.5  mogcKyckt 
ACCURACY— 0.5  DB. 

AC  OPERATION— 1 10-120  voHs. 

MODa302 

RANGE— 4)01  to  100  voHs 
FREQUENCY— 5  to  1 50,000  cyckt. 

ACCURACY— 2%  at  any  point  on  scok. 

DC  OPBIATION— wif-contalnod  hottnri— . 
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i- 

i. 
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Fig.  1 — SoloctiTity  of  8.3-iiic  chomnol 
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The  455-kc  coils  are  in  series 
with  the  8.3-mc  coils,  with  the  ex¬ 
ception  of  the  third  i-f  secondary 
which  is  connected  to  a  diode  plate 
of  the  6S8.  This  diode  plate  is 
used  only  on  a-m. 

The  response  of  the  8.S-mc  chan¬ 
nel  is  shown  in  Fig.  1,  as  measured 
after  a  production-line  scope  align¬ 
ment.  The  bandwidth  at  2  x  down 
is  175  kc  and  at  1,000  X  down, 
665  kc.  Sensitivity  at  the  con¬ 
verter  grid  is  on  the  order  of  75 
microvolts  for  a  one-volt  rise  at  the 
limiter  grid. 

The  discriminator  characteristic 
is  shown  in  Fig.  2.  The  curve  was 
plotted  on  a  production  receiver 
using  an  input  to  the  limiter  grid 
of  one  volt.  The  bandwidth  is 
about  300  kc  between  plus  and 
minus  voltgage  peaks  with  about 
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Fig.  2 — Discriminator  rosponsa  of  a  pro- 
ductioB  rocoiror 
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Fig.  3 — ^Th«  1-1  coils  oro  slipped  oeer  the 
posts  on  the  molded  piece  at  right  to 
fonn  the  complete  assembly  at  left 


18  volts  developed  at  the  6S8 
cathode. 

The  supporting  structure  for  the 
coils,  capacitors,  and  cores  is  a 
molded  piece  shown  in  Fig.  8.  An 
8.3-mc  primary  on  a  short  post  and 
an  8.3>mc  secondary  on  a  long  post 
make  up  one  transformer,  while  the 
other  two  posts  support  the  455-kc 
coils. 

The  permeability  and  Q  require¬ 
ments  are  not  severe  and  the  same 
grade  of  threaded  iron  core  is  used 
at  both  8.3-mc  and  455  kc.  The 
cores  are  beveled  at  one  end  and 
shaped  at  the  other  end  to  guide 
the  screwdriver  blade  into  the  slot. 

The  silver  mica  capacitors  across 
the  tuned  circuits  are  assembled  in 
a  capacitor  well  with  suitable  con¬ 
tacts  on  each  side.  Figure  4  shows 
the  four  patterns  which  are  used 
in  various  receivers.  These  four 
basic  silver  mica  patterns  range 
from  26  to  475  /i/u,f  and  have  one 
side  of  the  mica  completely  silvered 
except  for  the  tV-inch  border 
adjacent  to  the  cut  edges. 

The  plates  shown  in  Fig.  5  serve 
the  triple  purpose  of  capacitor  con¬ 
tacts,  coil  terminals,  and  chassis 
wiring  terminals.  The  full  plate 


.  the  Minimotor. 

.the  Aini  Corporation  is 
pleased  to  announce  the 
availability  of  the  lowest  proc* 
ticol  current  consumption  D.C. 
motor  in  the  world. 

.  the  motor  of  on  entirely  new 
principle!  No  rotating  wind¬ 
ings. 

.  the  motor  that  can  operate 
on  as  little  as  thirty  milliwatts 
power. 

.  the  motor  that  was  especially 
developed  during  the  war  for 
high  efficiency  when  minimum 
weight  and  current  consump¬ 
tion  was  vital. 

.  the  motor  that  is  ideal  for 
saving  current  where  power 
supply  is  on  important  factor. 

.  the  motor  that  has  countless 
applications  in  the  miniature 
horsepower  field. 

.  the  motor  that  may  well  be 
the  answer  to  your  problem. 

.  the  Minimotor. 

Outline  your  specific  applica¬ 
tions  and  requirements  to  our 
Special  Projects  Division. 

ALNI  CORPORATION 

Reeves  International  Building 
10  EAST  52nd  STREET 
NEW  YORK  22,  N.  Y. 


THE  MOTOR 
THAT  OPENS  " 
NEW  HORIZONS 
'IN 

RADIO  AND  ELECTRONIC 
APPLICATIONS 


MINIMOTOR 


"S«vtn  L«agu«s  Ahead" 


TNERMADOR  ELECTRICAL  MFC.  CO 
SM9  DntTKt  Ihrtf  .  Ik  tafalK  77.  CtUtmt 


Thermador  is  a  name 
remembered  when  the  ut¬ 
most  in  transformer  qual¬ 
ity  is  desired,  and  when 
exceptional  engineering 
skill  is  required. 


ELECTRICAL 
INSULATION  CO..  INC. 

12  VMtry  St.,  New  York  13.  N.  Y. 
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...the  fundamentals  of 
PUBLIC  ADDRESS 
TECHNIQUE  for 
RADIO  ENGINEERS 


Devoted  exclusively  to  public  address,  this  handbook  deals  with  the  technical  and 
practical  problems  confronting  the  public  address  engineer.  Contents  include ; — 
Specifications  —  Distortion  —  Frequency  Response  —  Geiin,  etc.  —  Loudspeaker 
Location  —  Feedback  —  Echo  —  Tinr.e  Delay  —  Masking  —  Reflection  —  Wind 
Effect,  etc.  —  Loudspeaker  Matching  —  Phasing  —  Impedances  —  120v.  Line,  etc. 
—  Microphone  Lines  —  Mixing,  etc.  —  Pickup  Correction  —  Filtering,  etc.  — 
Operating  —  Speech  Boosting  —  Background  Music,  etc.  —  Appendix  Tables,  etc. 


This  Handbook  is  a  general  text  book  and  does 
not  specify  or  illustxate  our  own  or  other  makes 
of  equipment.  Details  of  our  range  will  be  sent 
free  on  request. 


PRICE 

36 


RNANUFACTURINQ  CO.  LTD. 
HUNTINQDON,  ENGLAND 
TEL:  HUNTINGDON  361 


BAKELITE  SHEETS, 
RODS  AND  TUBES 


On  special  mill  ship¬ 
ments  we  can  give 
prompt  delivery.  Also 
complete  fabrication 
service  backed  by  over 
20  years  of  experi¬ 
ence. 
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THE  NC-2-40C  RECEIVER 


Back  of  the  superb  NC-2-40C  receiver  stand 
National's  twenty-five  years  of  experience  in  building 
to  the  highest  quality.  In  the  NC-2-40C  as  in  other 
products,  National  has  excellence  for  sale.  Stability 
and  sensitivity  are  outstanding.  Controls  are  con¬ 
venient  to  the  hand  and  smooth  in  operation.  All 
important  auxiliary  circuits — wide  range  crystal  filter, 
noise  limiter,  S-meter,  beat  oscillator,  AVC — are  pres¬ 
ent  in  advanced  design.  You  will  find  the  operation 
of  the  NC-2-40C  a  gratifying  pleasure  and  its  owner¬ 
ship  a  source  of  pride.  See  it  at  your  dealer's. 


NATIONAL  COMPANY,  INC 


MALDEN,  MASSACHUSETTS 
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makes  contact  to  the  fully  silvered 
side,  the  partial  plate  contacts  a 
400-/i/if  capacitor  for  the  455-kc 
coil,  and  the  small  ccmtact  picks  up 
the  26-fi/if  portion  for  the  8.3-mc 
coiL 

When  three  capacitors  are  placed 
on  one  piece  of  mica,  a  full  plate 
and  three  small  contacts  are  used, 
the  latter  being  placed  roughly  120 
degrees  apart  so  that  the  parts  will 
stack  up  evenly.  The  discriminator, 
for  example,  uses  this  construction. 
The  pair  of  70-/i.jif  capacitors  which 
tune  the  secondary  and  the  26  fifd 
which  tunes  the  primary*  have  a 
common  element  connected  to  the 
plate  of  the  limiter  tube. 

The  entire  capacitor  assembly,  in¬ 
cluding  pcrfystyrene  washers  which 
separate  primary  and  seccmdaiy 
capacitors,  is  fastened  together 
with  a  screw  and  nut. 

The  can  fastoiing  features  a 
single-h<de  mounting.  After  the 
coil  has  passed  a  jig  test,  it  is 
slipped  into  the  can  op  to  four  posi- 
timing  notches  and  four  more 
notches  are  pot  into  the  side  of  the 
can,  effectively  locking  the  Bakelite 
base  between  the  two  set  of  notches. 

Details  of  the  mounting  are 
shewn  in  Fig.  6.  The  screw 
through  the  capacitor  stadc  mounts 
the  transformer  <m  the  chassis.  A 
special  cutout  is  required,  charac- 
terixed  by  a  bridge  of  metal  across 
a  square  opening.  To  keep  the  can 
from  turning,  a  ‘kickup”  out  of  the 
chassis  fits  into  the  two  comers  of 
the  can  not  used  by  the  bridge.  To 
further  insure  good  grounds,  the 
kickups  are  spaced  and  shaped  so 


ELECTION  ICS 


OS- 


ired 
8  a 
^kc 
>  up 
-me 

kced 

late 

5ed, 

120 

tor, 

ion. 

ich 

U/lf 

i  a 
the 


in- 

ich 

iry 

tier 


! 


♦ 


Regardless  of  size  or  capacity,  a 
Sola  Constant  Voltage  Transformer 
does  just  one  thing.  It  takes  line 
voltages  coming  in  like  this 
and  feeds  them  to  your  equipment 
like  this  . 

If  there  is  any  doubt  as  to  the  need 
for  voltage  regulation,  hook  a  re¬ 
cording  volt  meter  to  your  supply 
line.  The  tracings  may  provide  the 
answer  to  much  unsatisfactory 
equipment  performance. 

Voltage  from  a  supply  line  may 
vary  as  much  as  30  %  from  its  rated 
value.  Against  these  sudden  lags 
and  surges  no  electrical  or  electronic 
equipment  can  perform  at  peak  effi¬ 
ciency,  no  matter  how  much  leeway 


has  been  provided  in  the  label  rating. 

Without  manual  supervision  (no 
dials  to  turn  or  adjustments  to 
make),  a  Sola  Constant  Voltage 
Transformer  instantly  corrects  sup¬ 
ply  line  variations  as  high  as  30  %  to 
within  ^\%  of  the  label  rating. 
Sola  Constant  Voltage  Transform¬ 
ers  have  no  moving  parts,  no  tubes 
or  networks — nothing  to  get  out  of 
order.  They  protect  both  themselves 
and  your  equipment  against  short 
circuit. 

Standard  designs  are  available  for 
any  electronic  or  electrically  oper¬ 
ate  equipment  requiring  capacities 
from  lOVA  to  15KVA — many  de¬ 
signed  specifically  for  chassis  mount¬ 


ing.  As  a  built-in  component  they 
eliminate  other,  more  expensive  ele¬ 
ments,  and  reduce  the  cost  of  equip¬ 
ment  maintenance. 

If  standard  designs  do  not  meet 
your  requirements,  special  units  can 
be  built  to  your  exact  design  speci¬ 
fications. 


WrUm  for  Now  Hamdbook 

Here's  the  answer  to  a  problem 
that  confronts  every  manufac¬ 
turer  07  user  of  electrically  oper¬ 
ated  or  electronic  equiptnent. 

Atk  for  BJMm  DCV-102 


TranifornMrt  fort  Comtant  Vottag*  •  Cold  Cothod*  Lighting  •  Mercury  lamps  •  Series  Lighting  •  FlworeKent  Lighting  •  X-  Ray  ^ulpment  •  Luminous  fu^  Signs 
Oil  Burner  Ignition  •  Radio  •  Power  •  Controls  •  Signal  Systems  •  etc.  SOLA  ILICTIIC  COMFANT,  2928  Oyboorw  Avonoo,  Ctilcogo  14,  HNnole 

limnujaiturrd  tn  Canada  undrr  Ucrnsr  by  FKKKANTl  ELECTRIC  LIMITED,  Toronto 
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MOLDin  IRON  CORES 

S€€^kfijUed  ta  ex€ict 

STANDARD  IRON  CORES — National  Moldile  molded  cores  con  be  sup¬ 
plied  for  any  size  coil  with  or  without  inserts,  if  desirable.  New  formulae 
moke  higher  Q  values  possible;  and  accurate  powder  control  assures 
uniform  density.  Cores  ore  currently  produced  in  quantity  for  ultra  high, 
high,  medium  and  low  frequencies.  Modern  facilities  permit  rigid  adher- 
once  to  critical  mechanical  and  electrical  specifications. 

PERMEABILITY  TUNING  CORES— Notional  Moldite  is  one  of  the  largest 
producers  of  tuning  cores  in  the  country.  This  leadership  and  large  scale 
production  result  in  efficiency  and  economy  that  has  proven  important  to 
customers.  Any  size  run,  with  the  most  critical  specifications,  can  be 
handled  with  exact  uniformity  of  all  pieces. 


1 


SPECIALIZATION 

Notional  Moldite  iron 
cores  ore  produced  by  tpo- 
ciolists  engaged  exclusively 
in  the  manufacturing  of 
iron  cores.  A  complete 
line  of  magnetic  iron  cores 
for  use  at  all  frequencies 
including  television  and 
FM  is  now  available. 

ENGINEERING 

It  is  a  simple  matter  for 
National  Moldite  engineers 
to  fit  the  right  core  to  your 
particular  coil  for  the  best 
results.  Thoroughly  famil¬ 
iar  with  every  iron  cere 
appiication,  these  techni¬ 
cians  will  be  glad  to  assist 
you  in  determining  which 
of  these  components  can 
best  meet  requirements. 


PRODUCTION 

With  vastly  expanded  pra- 
duction  fociUties,  National 
Moldite  is  in  a  position  to 
meet  your  imm^iate  iron 
core  requirements.  Quality, 
economy  and  dependability 
are  assured,  withaut  sacri¬ 
ficing  assembly  schedules 
or  delivery  deadlines. 

SAMPLES 

Nationol  Maldite  sample 
iron  ceres  will  be  sub¬ 
mitted  for  design,  test  and 
pre-production  purposes 
upon  receipt  of  your  re¬ 
quest.  Use  Moldite  ma¬ 
terial  grade  designations  to 
insure  prompt  ond  exact 
duplication  of  the  required 
cores.  Specify  "MOLDITE” 

for  “AIIAI  ITV'* 
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NAnONAL  MOLDITE  COMPANY 


25  MONTGOMERY  STREET 


HILLSIDE.  NEW  JERSEY 


Fig.  6 — ^Portion  of  chcusia  ahowinq 
bridged  cutout  and  a  mounted  i-f  trans- 
former 

they  bite  into  the  inner  corners  of 
the  can  when  it  is  placed  on  the 
chassis.  To  prevent  solder  from 
running  down  between  the  chassis 
and  the  soldering  lugs,  a  thin  Bake- 
lite  wafer  is  slipped  over  the  eight 
lugs  and  held  in  place  by  the  single 
mounting  nut. 

In  production,  the  single-hole 
mounting  has  made  it  practical  to 
mount  the  three  i-f  cans  and  the 
discriminator  in  one  operation. 
The  four  units  are  placed  upside 
down  in  a  jig,  the  chassis  is  pressed 
into  place,  and  the  four  nuts 
tightened  by  a  torque  wrench. 

Similar  models  have  been  built 
using  higher-gain  tubes  at  10.7  me. 
In  addition,  the  basic  features  have 
been  used  in  experimental  i-f  chan¬ 
nels  as  high  as  21.3  me. 


Oip-on  Antenna  Meter 

In  the  Los  Angeles  repair  and 
installation  shops  of  the  Highway 
Patrol,  California  Department  of 
Motor  Vehicles,  senior  radio  techni¬ 
cian  H.  A.  Holcomb  has  put  to¬ 
gether  a  useful  antenna  meter  for 
a  quick  check  on  the  output  of 
30-watt  Motorola  transmitters,  of 
which  the  patrol  uses  almost  450. 

Illustrated  herewith,  the  unit 
comprises  a  small  piece  of  Lucite 
sheet  with  a  model  607  Weston 
thermogalvanometer,  two  large  bat¬ 
tery  clips  and  a  60  ^/tf  mica  capaci¬ 
tor.  The  current-squared  meter 
has  a  resistance  of  6.2  ohms  and  its 
readings  are  used  arbitrarily. 

The  meter  is  connected  in  series 
with  the  capacitor,  which  is  placed 
between  the  instrument  and  the 
upper  clip.  The  unit  is  simply 
clipped  onto  the  whip  antenna  with 
the  lower  clip  in  contact  with  the 


Sepfember,  1946  —  ELECTRONICS 


No  matter  what  the  application,  General 
Plate  Laminated  Wire  can  save  you  money  where  precious 
metal  performance  is  a  must.  These  wires,  made  from  laminated 
precious  to  base  metal  combinations,  provide  the  same  per¬ 
formance  obtainable  by  solid  precious  metals  but  at  a  cost 
only  slightly  higher  than  the  inexpensive  base  metal. 

The  precious  metal  thickness  is  accurately  maintained  through¬ 
out  the  entire  length  of  the  wire  assuring  uniformity.  Even 
temper  is  maintained  by  strand  annealing. 

General  Plate  Laminated  wire  is  obtainable  in  a  wide  variety 
of  diameters  as  low  as  .005  and  shapes  such  as  those  listed  at 
the  right  ...  in  practically  any  combination  of  precious  to 
base  metal.  Write  for  information,  today. 


GENERAL  PLATE  DIVISION 

of  Motah  and  Control*  Corporation 

50  Church  $».,  N*w  York,  N.  Y.|  205  W.  Wockar  Drivo,  Chicago,  lll.i 
2635  Pago  Orivo,  Altodono,  Californio)  Grant  Bldg.,  Pittsburgh,  Po. 

ATTLIIOKO,  MASS ACHUSITTS 


ODD  SHAPiS  of  wires  with  suitably  spaced  pro¬ 
jection  points  are  nmnufuctured  for  contacts  of 
longer  lengths  than  generally  used  in  welding  ap¬ 
plications. 

SHAPED  wires  for  production  of  pieces  heretofore 
obtained  only  by  a  coining  operation  are  produced 
in  a  variety  of  over  1,500  sizes. 

SOLDER  FILLED  (solder  center  cored)  wire  for 
automatic  soldering  of  chain  links  or  other  simi¬ 
lar  wire  end  solderings  are  produced  in  various 
grades  and  combinations. 

CHANNEL  WIRES,  for  ease  in  interlocking  ends 
of  materials  or  for  covering  raw  edges  of  readily 
oxidized  material,  are  manufactured  to  customer’s 
specification. 

SOLDER  FLUSHED  wires  for  ease  in  soldering  tube 
ends. 

ORNAMENTAL  WIRES  —  for  decorative  purposes. 

SQUARES,  flats,  ovals,  hexagons  and  irregular 
shapes. 

General  Plate  Division  is  the  pioneer  producer 
of  allocated  silver  on  wire,  that  is,  silver  in  one 
s^tion  of  the  wire  only  and  not  around  the  entire 
circumference. 

For  specific  designs  and  applications  of  solid 
precious  metal  and  laminated  wires,  consult 
our  engineering  department. 


Performance  at  Much  Lower  Cost 
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ANTENNA  METER 


(continu«d) 


compression  nut  at  the  bottom  of 
I  the  whip.  A  reading  of  60  on  the 
i  scale  is  taken  to  indicate  a  normally 
j  operating  transmitter.  A  midseale 
I  value  was  chosen  by  manipulation 
I  of  the  distance  between  the  two 
I  clips.  A  spacing  of  H-inch  worked 
I  out  correctly  for  the  particular 
combination  of  units. 

The  same  unit  is  used  for  deter¬ 
mining  the  output  of  6-watt  motor¬ 
cycle  transmitters  whose  power  is 
too  low  to  actuate  the  meter  in  its 


•  Hi-Q  Ceramic  Capacitors  are 
manufactured  of  titanium  dioxide  (for 
temperature  compensating  types)- 
Electrodes  are  of  pure  silver,  precision 
coated.  They  are  individually  tested  for 
accuracy  of  physical  dimension,  temper¬ 
ature  coeflScient,  power  factor  and  di¬ 
electric  strength.  Available  in  C.  I.  type 
(axial  leads)  and  C.  N.  type  (parallel 
leads)  also  S.  1.  type  Durez  coated  for 
fullest  protection  against  extremes  of 
fungus  and  climatic  conditions. 


Essential  elements  oi  the  clip-on  an¬ 
tenna  meter.  The  key  hook  was  found 
to  be  the  most  essential  item 

standard  form.  A  special  clip  lead 
is  attached  to  the  meter  side  of  the 
capacitor  and  clipped  to  the  antenna 
at  a  point  determined  by  its  ex¬ 
treme  length  to  produce  a  similar 
reading  on  the  instrument. 

The  last,  and  perhaps  most  im¬ 
portant  feature  of  the  unit  is  the 
small  hook  at  the  lower  left.  On 
this  hook  the  serviceman  places  the 
ignition  keys  of  the  radio  car  to 
prevent  it  from  being  driven  away 
with  the  tester  still  attached  to  the 
antenna. 


•  •  • 


CHOKE 
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Carbon  Phonograph  Pickup 

By  Alvin  B.  Kaufman  and  Edwin  N. 
Kaufman 

Electronic  Engineers 
Hollywood,  California 


A  PHONOGRAPH  PICKUP  capable  of 
supplying  between  6  and  45  volts  out¬ 
put  from  conventional  records  would 
be  highly  desirable.  With  such  a  high 
output,  it  would  be  possible  to  design 
and  construct  phonograph  amplifiers 
having  only  one  or  two  tubes. 

This  article  will  describe  the  pre¬ 
liminary  design  of  a  novel  pickup 
which  produces  the  required  high 
output  voltage.  It  consists  of  a  pho- 
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•  The  successful  radio  serviceman  today  must  have  the  hnest  in  test  instru> 
ments  for  a  very  practical  reason — that’s  his  only  hope  of  present  and  con* 
tinned  profits.  To  meet  the  tremendous  volume  of  business  available  he 
must  be  able  to  "trouble-shoot”  fast  and  accurately  every  time.  Only  thus 
can  he  correct  trouble  speedily,  with  satisfaction  to  the  customers. 

Simpson  offers  you,  in  three  basic  test  instruments,  the  accuracy  and  ad¬ 
vanced  electronic  engineering  which  have  given  Simpson  the  proudest 
name  in  the  industry.  They  are  tried-and-tested  examples  of  the  kind 
of  instruments  Simpson  has  always  built.  Their  use  will  demonstrate 
that  from  Simpson  alone  can  you  expect  "instruments  that  stay  accu- 
^  rate"  with  construction  and  design  that  lead  the  held. 

1^  To  dealer  and  to  serviceman  alike,  Simpson  offers  today  the  assur- 

BL  ance  of  continued  prohts  that  only  quality  can  give.  No  Simpson  in- 

Pl|.  strument  is  ever  marketed,  or  ever  will  be,  unless  its  makers  feel  that, 
of  its  kind,  nothing  hner  can  be  produced. 


Model  315  Signal  Generator.  ■ 

Designed  down  to  the  most  1 

minute  detail  for  highest  ac*  \ 
curacy,  greatest  stability,  min¬ 
imum  leakage,  and  good  wave 

form . $67.35 

Model  305  Tube  Tester.  Tests 
all  tubes.  Provides  for  filament 
voltages  from  .5  volts  to  and  in¬ 
cluding  120  volts.  Spare  sockets  for 
future  tube  developments. ...546. 25 


.  .  .  giyes  servUemen  a  real 
profit-making  set-up 


Model  260  High  Sensitivity  Set 
Tester.  20,000  ohms  per  volt.  D.C. 
Voltage  ranges  to  5,000  volts  A.C. 
.ind  D.C.  Resistance  ranges  to  20 
megohms.  Current  ranges  to  500  mil- 
liamperes . $38.95 
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•  Brush  Trgngiani  Recorder  caught  this  photofiosh  bulb 
exposure  in  recent  tests  on  camera  shutter  synchronization. 
A  transient  of  40  milliseconds  duration— automatically 
recorded  and  reproduced  for  study!  This  wove  trace  indi> 
cotes  peak  light  intensity  at  exactly  the  right  moment— an 
excellent  start  toward  a  perfect  picture!  Such  transient 
phenomena  recording  by  the  Brush  Tran^ent  Recorder— 
bares  production  defects  never  before  so  easily  measured. 


ffrusH  mnsient  liecoraer 

sienl  phenomena  of  less  than  2/10  second  duration — either  elec¬ 
trical  or  capable  of  being  picked  up  by  electrical  gauges. 


Some  typical  phenomena  which  are  recorded  by  the  Brush  Tran¬ 
sient  Recorder  include  explosion  waves,  light  flashes,  arc  dis¬ 
charges.  transients  on  power  and  communication  transmission 
lines,  impact  loads,  etc.  These  results  are  accomplished  by 

magnetically  recording  on  a 
tape  a 

frequency  modulated 

button  clears  tape 
prepares  for 


Brush  Tran¬ 
sient  Recorder 
with  Oscillo¬ 
scope  Show- 
ina  Typical 
Transient 


Brush  representatives  will  be  glad  to  discuss  applications  of  this 
instrument  in  solving  your  particular  laboratory  or  production  problems. 
For  complete  details  write  today  for  technical  bulletins. 


BRIISB  lEVeUPHEiW  C«. 

Canadian  ffepresenfattvet:  ^ 

A.  C,  Wkkmon,  fConaio)  ltd.,  P.  O.  Zox  9,  ^tion  N,  Toronto  14 


nograph  needle  having  a  pivoted  arm 
which  is  arranged  to  mechanically 
actuate  a  carbon  microphone  button 
(single  or  double) .  The  operation  is 
such  that  the  phonograph  needle  is 
displaced  mechanically  by  its  move¬ 
ment  in  the  groove  of  a  phonograph 
record. 

The  pickup  utilized  a  standard 
type  of  crystal  pickup  arm  with  the 
carbon  button  assembly  mounted  in 
place  of  the  crystal  cartridge.  The 
carbon  button  was  constructed  in  an 
acoustical  tone  arm  head.  Fortu- 
j  nately,  the  needle  pressure  did  not 
j  exceed  five  ounces  and  so  the  pickup 
!  arm  was  not  rebalanced  for  the  pre- 
I  liminary  tests.  The  diaphragm  was 
;  replaced  by  the  metal  diaphragm 
I  from  a  small  single-button  Universal 
microphone.  This  was  glued  securely 
around  the  edge  to  the  head  assembly, 

I  and  secured  to  the  pivot  arm  by  a 
small  machine  screw,  as  shown  in  the 
photograph.  Carbon  granules  were 
then  placed  behind  the  metal  dia¬ 
phragm  and  held  in  place  with  felt 
washers  while  backed  with  another 
metal  plate  forming  the  other  elec¬ 
trode. 

With  the  volume  control  at  maxi¬ 
mum,  there  was  no  noticeable  hum  or 


Mechanical  arrangement  of  needle  auem- 
bly  and  diaphragm  mountings  on  tbs 
carbon-button  pickup 

carbon  hiss.  Due  to  the  large  dia¬ 
phragm  area  exposed,  the  pickup  was 
found  to  act  as  a  microphone  and 
cause  oscillation  when  placed  too 
close  to  the  loudspeaker.  This  dia¬ 
phragm  area  was  eventually  acousti¬ 
cally  insulated  by  felt  padding  with¬ 
out  affecting  the  operation  to  any 
large  extent. 

The  frequency  response  of  the 
Saptnmbar,  J946  —  ELECTRONICS 
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...and  1400  more  answering,  at  the  other  end  of  this 
telephone  cable,  operating  at  less  than  peak  capacity!  It’s 
coaxial  cable,  of  course— a  miracle  that’s  already  becom¬ 
ing  a  commonplace.  And  part  of  the  miracle  lies  in  the 
Bakelite  Polyethylene  discs  that  safely  and  securely  in¬ 
sulate  the  conductors  and  anchor  them  in  position. 

This  plastic  is  remarkable,  even  among  plastics.  It  is 
so  light  it  floats  on  water.  It  is  inherently  flexible— ex¬ 
tremely  resistant  to  moisture  and  chemicals— outstanding 
in  low-loss  dielectric  properties,  with  a  constant  of  2.29 
at  50  me.  It  is  tough,  and  highly  resistant  to  impact  even 
at  low  temperatures,  yet  its  temperature  working  range 
is  wide,  reaching  from  — 60°F.  to  185°  F. 


These  are  some  of  the  reasons  why  Bakelite  Poly¬ 
ethylene  insulation  is  supplanting  older  types. ..in  power 
cable,  where  thin-wall  flexibility  is  advantageous  ...  in 
many  electrical  applications  in  industrial  and  automo¬ 
tive  fields,  where  the  unique  prof)erties  of  this  insulation 
result  in  economies  and  superior  electrical  performance. 

Bakelite  Polyethylene  compounds  are  today  com¬ 
manding  new  attention  in  almost  every  line  of  manu¬ 
facture.  They  are  easy  to  process  on  standard  equipment. 
No  vulcanization  is  required.  Write  Department  BA-18 
for  full  information,  experimental  samples  and  booklet 
V-2,  "Polyethylene  Resins,’’  completely  describing  their 
properties,  uses,  forms  and  fabrication  procedures. 


TRAOC-MARKS 


BAKELITE 


'YoLYBTHYLme. 


BAKELITE  CORPORATION  Unit  oj  Union  Carbide  and  Carbon  Corporatiott  lum  30  East  42nd  Street,  New  York  17,  N.  Y. 
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1*99  of  Amwimji  iqv^nmtf 


i  ANDREW, 

^  COAXIAL 
:  CABLE  \ 


BETTER  ON  3  COUNTS  ^ 

V  LOWER  loss  than 

plastic  30^^^  to  50^  less  loss 

than  in  plastic  cables  of  same 
diameter. 

V  GREATER  power 

capacity  Insulation  does 

not  melt  or  soften  .  .  .  develops 
less  heat  than  plastic  cables. 

VlONGER  lasting 

Andrew  cables  are  made  entirely 
of ‘Copper  and  stone,  two  ma¬ 
terials  w  hich  have  unlimited 
life  and  w  hich  impart  the  great¬ 
est  resistance  to  crushipg,  cor¬ 
rosion  and  weathering. 

ANDREW  ''FIRSTS”Heres 

phoof  of  Andrew  Leadership  in  the 
development  of  semi-flexible  coaxial 
ca+iles:  1)  I'irst  to  produce  Vs  and  Vg 
inch  soft  temper  cables  in  100  foot 
lengths  ...  2)  First  to  offer  continuous 
coils  of  unlimited  length  w  ith  factory 
splicing  .  •.  .  3)  First  to  offer  lines 
shipped  under  pressure  with  all  fit¬ 
tings  attached. 

Such  continued  leadership  enables 
.Andrew  to  offer  better  semi-flexible 

,  coaxial  cables;  cables  that  are  bet¬ 
ter  than  those  made  from  any  other 
materials.. 

.\  complete  line  of  coaxial  cables, 
accessories,  and  other  antenna  equip¬ 
ment  is  produced  by-...^drew  . 


ANDREW  CO. 


363  E.  75th  ST. 


•  CHICAGO  19,  ILL. 

'j«y' 


These  are  the  famous  Andrew 
semUflexible  coaxial  cables  in 
Vs  and  Vs  inch  diameters 
(shown  in  actual  size).  Because 
of  their  better  construction  and 
design  they  are  used  through* 
out  the  world  by  thousands  of 
broadcast,  police,  government, 
and  military  radio  stations  as 
the  most  efficient  device  for 
connecting  antenna  to  trans¬ 
mitter  or  receiver. 


•  • 
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PHONOGRAPH  PICKUP  (continutd)  | 

pickup  is  not  limited  at  the  low-fre- 
quency  end  of  the  spectrum,  any  var¬ 
iation  in  needle  position  causing  a 
change  of  button  current.  However, 
the  high-frequency  response  is  defi- 
nitely  limited  by  the  ma.ss  of  the  piv¬ 
oted  arm  and  diaphragm  and  their 
resonant  frequency.  The  pickup  and 
its  associated  components  had  a  fre¬ 
quency  response  essentially  flat  be¬ 
tween  100  and  6,000  cycles  as  checked 
with  a  Columbia  tone  record. 

The  noise  level  produced  by  the 
needle  operating  in  an  unmodulated 
record  groove  was  high.  As  the  out¬ 
put  voltage  was  much  higher  than 
needed,  the  pivoted  arm  was  damped 
to  produce  less  amplitude  modulation 
of  the  carbon  button  for  a  given 
groove  amplitude.  For  this  rea.son, 
the  pivoted  arm  was  soldered  to  an 
arm  projecting  from  the  head  as¬ 
sembly.  This  reduced  the  noise  level 
and  output  voltage  considerably.  It 
was  noted  that  vibration  of  the  head 
assembly  was  shaking  the  carbon 
granules  and  causing  an  output  of 
noise.  Thus  it  became  apparent  that 
the  difference  in  phase  between  the 
voltage  caused  by  the  pickup  head 
vibrating  to  the  recorded  subject  and 
that  of  the  signal  impressed  by  the 
needle  movement  was  causing  exces¬ 
sive  intermodulation  and  distortion. 

This  is  as  far  as  our  experiments 
progressed.  There  are,  however,  two 
cures  for  the  last-mentioned  trouble. 
One  is  to  allow  the  phonograph  needle 
to  vibrate  the  pickup  head,  with  the 
carbon  button  being  driven  only  by 
this  vibration  and  not  connected  in 
any  way  to  the  needle.  This  method 
would  probably  result  in  poor  fre¬ 
quency  response  and  possible  exces¬ 
sive  wear  on  the  record.  The  second 
method  would  be  to  build  the  unit 
like  a  crystal  pickup  cartridge.  A 
thin  sheet  of  carbon  could  be  ar¬ 
ranged  to  have  one  end  fixed,  the 
other  end  being  flexed  by  the  phono¬ 
graph  needle.  A  contact  on  either 
side*  of  the  carbon  sheet  would  then 


Average  weekly  earnings  in  the 
radio  and  phonograph  manufactur¬ 
ing  industry  during  February  1946 
were  $39.01  for  an  average  work¬ 
week  of  39.7  hours,  according  to 
j  Bureau  of  Labor  statistics. 
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ERIE  RESISTOR  CORP 

ERIE,  PENNSYLVANIA 


LONDON,  ENGLAND  ..  .TORONTO,  CANADA 


Wgli  Vttttgt  Dglfclii  Cup  Cinwicoiii 

r  20  MMF— 600  MMF 


€iMb4ri«  Plwta  Tvht  S«cktts  ivitii 
MM  MME  MRt  iii  ky-pw  cawdemit 


Typt  <MA  WM  VgHagi,  High  KVA 
Platt  Traaiaiitthig  Caraaiiea 

120  MMF—1,800  MMP 


Taatparatart  Ctaipaaaatiag 
latalattd  CanaiHctaa 
0.5  AAMF— 360  MMF 
Tawparatw  i  Caiapaaiatiag 
Hat  lagalatad  Caraaticaiia 
0.5  MMF— 1.100  MMF 
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[PATE  NT  ED] 


RADIO  PINS 


:  }  DEVELOPED  AND  MANUFACTURED  BY 

i'!  THE  AMERICAN  BRASS  COMPANY 

WATERBURY  BRASS  GOODS  BRANCH 


Check  the  advantages... 

These  seamless,  patented  Radio  Pins  are  uniform  in 
size,  with  smooth  surfaces  for  smooth  operation. 

In  staking,  the  ends  roll  over  easily  and  without 
splitting.  When  molded  into  composition  parts  the 
closed  end  keeps  out  the  molding  compound. 

If  you  use  pins  for  vacuum  tubes  or  adapters, 
fluorescent  lights,  plugs,  or  electrical  equipment  of 
any  kind,  the  chances  are  you’ll  save  time,  money 
and  rejections  by  using  these  seamless,  patented 
Radio  Pins.  They  are  available  in  a  wide  variety  of 
styles  and  sizes.  Simply  send  a  sketch,  sample  or 
description,  with  quantity,  for  quotation. 


RADIO  OR  RADAR  EQUIPMENT? 

In  addition  to  Radio  Pins,  we  produce  large  quantities  of 
top  caps,  base  shells  and  adapter  shells  for  vacuum  tubes ; 
also  a  wide  varieq-  of  other  meul  produas  including  deep 
drawn  shells  and  cups,  blanks  and  stampings,  ferrules, 
grommets,  washers,  vents,  fasteners— and  the  world’s  larg¬ 
est  assortment  of  eyelets.  «s4o« 

THE  AMERICAN  BRASS  COMPANY 
WATERBURY  BRASS  GOODS  BRANCH 
WATERBURY  88,  CONNECTICUT 


(contin-nd) 


j  One-tub*  amplifier  cmd  rectifier  circuit  used 
in  teeting  the  carbon  pickup.  A  double¬ 
button  unit  could  be  connected  as  shown 
by  the  dashed  line 


have  varying  pressures  applied  to  it. 

The  circuit  of  the  amplifier  em¬ 
ployed  for  these  tests  is  shown.  The 
bias  voltage  of  the  tube  was  six  volts, 

I  which  was  enough  to  supply  adequate 
S  button  current.  The  carbon  button 
and  primary  of  the  transformer  are 
placed  in  series  and  across  the  bias 
resistor.  At  the  start  the  cathode 
circuit  was  heavily  bypassed  so  as  to 
supply  a  steady  source  of  direct  cur¬ 
rent.  The  overall  frequency  response 
was  from  100  to  6,000  cycles,  includ¬ 
ing  the  pickup. 

The  cathode  bypass  was  then  re- 
i  moved  and  it  was  noted  that  the 
phasing  of  the  primary  winding 
would  cause  either  regeneration  or 
degeneration.  Connected  for  degen¬ 
eration,  the  volume  fell  off  slightly 
and  the  frequency  response  was  ex¬ 
tended.  The  distortion  remained  the 
same  because  it  was  not  produced  by 
the  tube  circuit,  but  by  the  pickup. 
The  plate  circuit  of  the  tube  was  by¬ 
passed  sufficiently  to  remove  high- 
frequency  components  caused  by 
scratch  or  distortion. 


Erratum  :  The  article  entitled 
“Electronic  Fire  and  Flame  De¬ 
tector”  in  the  July  issue  of  Eu:c- 
'TRONICS  contained  an  error  in  by¬ 
line.  The  manuscript  specified  “By 
Paul  B.  Weisz,  Bartol  Research 
Foundation  of  the  Franklin  Insti¬ 
tute,  Swarthmore,  Pa.”  with  a  foot¬ 
note  reading  “Now  with  Socony- 
Vacuuni  Oil  Company,  Research  and 
Development  Laboratories,  Pauls- 
boro,  N.  J.”  As  published,  this  ap¬ 
peared  as  “Socony-Vacuum  Re¬ 
search  and  Development  Labora¬ 
tories,  Swarthmore,  Pa.” 
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That*s  right — the  tolerances  of  the  fine  wire 
made  by  North  American  Philips  cannot  be 
measured  by  micrometers— the  wire  must  be 
weighed  on  delicate  balances. 

That  kind  of  precision  craftsmanship— which 
goes  back  to  and  beyond  even  the  smallest 
component— has  made  possible  the  production 
of  wire  so  fine  that  2,000  pieces  laid  side  by  side 
measure  but  an  inch. 

To  draw  wire  this  fine— with  toler¬ 
ances  and  characteristics  maintained 
—Philips  developed  its  own  methods 
of  drilling  precision  diamond  dies. 

These  dies  are  in  daily  use  in  Philips 
and  other  factories,  insuring  fine 
wire  users  of  a  more  precise  product. 


Such  fine  wire  —  drawn  through  Philips 
precision  diamond  dies  —  is  a  vital  component 
of  electronic  tubes  manufactured  by  Philips 
and  others. 

Thus  the  skill  of  an  organization,  known 
for  over  fifty  years  for  its  devotion  to  precision 
craftsmanship  down  to  the  smallest  component^ 
is  evidenced  in  the  increasing  acceptance  and 
use  of  Philips  products. 

In  addition  to  fine  wire  and 
diamond  dies.  North  American 
Philips  also  manufactures  quartz 
crystals,  cathode  ray  tubes,  indus¬ 
trial  and  medical  X-ray  tubes  and 
equipment,  tungsten  and  molyb¬ 
denum  products. 


Norek 

V  II  e  D.*  fM 


Keg.  U  S.  Pat  Off. 


NORTH  AMERICAN  PHILIPS  COMPANY,  INC. 
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Electronic  Flight  Trainer 


An  electronic  computing  system 
which  continuously,  instantly,  and 
simultaneously  solves  the  differen¬ 
tial  equations  expressing  the  mo¬ 
tion  of  an  airplane  in  space  is  the 
basis  of  the  Curtiss-Wright  Dehmel 
electronic  flight  trainer  with  auto¬ 
matic  radio  range.  The  trainer  em¬ 
bodies  full  aircraft  instrumentation 
as  well  as  completely  automatic 
four-course  A-N  radio  range,  two- 
course  visual-audio  vhf  radio  range, 
and  blind  landing  system. 

The  basic  computing  circuit  is  a 
multiservo  system  in  which  the 


erated.  These  voltages  are  sent  as 
signals  to  the  computing  system  of 
the  trainer,  which  delivers  the  cor¬ 
rect  answers  and  translates  them 
continuously  and  smoothly  into 
meter  indications  in  the  cockpit  of 
the  trainer,  into  variations  in  en¬ 
gine  sound  effect  and  control  load¬ 
ing,  and  into  actuation  of  the 
course-plotting  unit  and  radio  navi¬ 
gation  aids. 

Flight  Computer  and  Instrumentation 

The  nine  electronic  servos  mak¬ 
ing  up  the  flight  computing  system 


Fliqht  characteristics  of  an  AT-8  airplane  in  the  air  are  simulated  by  the  prototype 
yersion  shown  above  stripped  of  its  aluminum  fuselage.  Produced  for  the  Army  Air 
Forces  by  Curtiss-Wright,  it  tues  servos  to  feed  an  electronic  computer 


variables  are  introduced  as  poten¬ 
tials  obtained  from  voltage  dividers 
actuated  by  the  controls.  All  the  in¬ 
teracting  effects  between  lift,  drag, 
thrust,  and  the  various  other  mo¬ 
ments  and  forces  causing  the  air¬ 
plane  to  maneuver,  stall,  or  spin  in 
space  are  developed  as  electrical 
voltages  when  the  controls  are  op¬ 


are  each  driven  by  a  small  ball¬ 
bearing  polyphase  motor  that  is  en¬ 
ergized  by  a  control  voltage  applied 
through  a  compact  amplifier.  Each 
servo  drives  a  multicontact  spider 
through  a  simple  gear  train  to  se¬ 
lect  voltages  from  a  number  of  the 
contoured  potentiometers  operated 
from  a  particular  servo  assembly. 


Automatic  Radio  Range  and  Recorder 

The  electronic  flight  trainer  in¬ 
corporates  a  completely  automatic 
radio  range  and  blind  landing  sim¬ 
ulation.  This  incorporates  four 
arms  which  may  be  set  so  as  to  rep- 
resent  the  course  legs  of  any  radio 
range  station  in  the  country.  A 
polar  type  of  flight  path  recorder  is 
provided,  comprising  a  circular 


Flight-path  recorder  and  automatic  radio 
range  of  the  Curtiss-Wright  Dehmel  elec¬ 
tronic  flight  trainer  for  embryonic  pilots 


paper  chart  15  inches  in  diameter, 
the  orientation  of  which  is  con¬ 
trolled  by  an  amplifier-driven  servo 
system.  The  pen  mechanism  is  re¬ 
sponsive  to  range  and  is  driven  by 
a  second  servo.  By  this  method,  pre¬ 
cision  recording  of  the  horizontal 
projection  of  any  flight  path  is  ob¬ 
tained.  Since  the  flight  path  re¬ 
corder  and  the  A-N  signal  system 
are  intimately  and  permanently  con¬ 
nected  together,  the  audible  signal 
received  at  any  instant  is  a  direct 
function  of  the  position  of  the  pen, 
and  is  not  dependent  therefore  on 
the  interpretation  of  an  instructor. 

Two  controls  locate  the  starting 
*  point  of  a  problem ;  one  sets  up  the 
east-west  distance  and  the  other 
the  north-south  distance  from  the 
range  station  to  the  take-off  posi¬ 
tion.  Two  other  controls  may  be 
varied  to  add  wind  from  any  direc¬ 
tion  up  to  120  miles  per  hour. 

Appropriately  keyed  fan  mark¬ 
ers  may  be  set  up  at  any  distance 
from  the  range  station  and  will  be 
received  by  the  pilot  when  his  flight 
path  passes  through  the  marker 
position.  In  addition,  the  Z  marker 
and  cone  of  silence  associated  with 
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Let  SPEED  NUT  USERS 

TELL  YOU  WHY.  .  -  - 


ASSlMBiY  ADVANTAGES 


Buduce  assembly  time 

Eliminate  lock  washers 

^H^iot  ^clog"  with  painty 

Will  not  ^freeze*  to  threads 

Save  handling  of  moterial 

Perform  multiple  functions 

Weigh  less 

Prevent  vibration 
loosening  ; 

Protect  fragile  materials  I 
against  damage  n 


Chief  Engineer  i.  G.  Hoff's  complete  letter  lists  stocking  and  opplying  lock  woshers.  The  exclu< 
eight  reasons  why  he  is  '^permanently  addicted"  sive,  spring-tension  lock  does  a  better  holding  job 
to  SPEED  NUTS.  But  let's  emphasize  only  two.  and  even  prevents  damage  to  fragile  materials. 

With  SPEED  NUTS  the  screws  start  easier  and  the  From  toys  to  trucks  ond  oirplanes,  SPEED  NUTS 
nut  pulls  down  faster,  for  there's  no  Installation  have  improved  the  ossembly  of  countless  products 
torque  until  the  last  few  turns.  No  wrenches  are  and  cut  costs.  Why  can't  they  do  the  same  for 
used --'Only  light  finger  pressure  is  necessary,  you?  Write  for  test  samples,  describing  your 
Whot  o  relief  when  fastening  parts  in  close  assembly  details,  for  SPEED  NUTS  are  made  in 
quarters  I  SPEED  NUTS  also  do  away  with  buying,  over  3,000  shapes  and  sizes. 


TINNERMAN  PRODUCTS,  INC,  •2106  FULTON  ROAD  •  CLEVELAND  13,  OHIO 

fai  CmMtdmi  Wotloc*  SoriMtt  Co..  Ltd..  HamlHon.  Ontario  In  Pronco:  Aerocostoires  Simmondt.  S.  A..  Poria 

III  tuRkwid:  Simmonda  Aorocoaaof i«a.  Ltd.,  London  In  Awatraiio:  Simmonda  Aoroceaaorioa,  Pty.  Ltd.,  Motbowrno 


Trod*  Mark  U.  S.  Pot  Off. 


PATENTED 
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FLIGHT  TRAINER 


(continued) 


a  range  station  will  also  be  received 
if  the  path  passes  directly  over  the 
range  station.  An  interphone  sys¬ 
tem  for  communication  between 
pilot  and  supervisor  may  be  used  to 
discuss  the  progress  of  the  work,  or 
to  simulate  radio  contacts  with 
ground  stations. 

Additional  manual  controls  in¬ 
clude  static  simulation  and  volume 
adjustment  for  the  intercommuni¬ 
cation  system.  A  switch  provides 
selection  of  any  one  of  five  station 
identification  cams  furnished  with 
the  range  signal  keyer.  These  five 
cams  may  be  readily  interchanged 
with  any  other  station  signal  cams 
which  may  be  required  for  the  par¬ 
ticular  section  of  the  country  cov¬ 
ered  by  the  flight  problems  being 
taught. 

A  fully  automatic  blind  landing 
system  of  the  SCS-51  type  is  nor¬ 
mally  furnished  with  the  automati*. 
radio  range.  This  system  is  com¬ 
plete  with  boundary,  middle,  and 
outer  markers  appropriately  keyed, 
and  a  localizer  and  glide  path  sim¬ 
ulation  w’hich  actuates  the  needles 
of  the  cross-pointer  meter  in  the 
cockpit.  With  the  position  controls 
set  at  zero-zero,  the  system  may  be 
utilized  to  represent  the  new  vhf 
two-course  visual-audible  ranges 
now  being  installed  by  the  CAA 
throughout  the  country. 

An  aural  null  and  radio  direction 
finding  simulation  is  incorporated 
to  provide  automatic  indication  of 
direction  from  the  aircraft  position 
to  the  range  station,  or  may  be  used 
to  locate  and  approach  the  range 
station  using  the  conventional  rdf 
procedures.  This  system  may  also 
be  used  to  simulate  the  action  of  a 
loop- type  radio  compass. 

In  appearance  the  Dehmel  AT-6 
trainers  purchased  by  the  AAF  re¬ 
semble  a  single-seat  airplane  fuse¬ 
lage,  minus  wings  and  tail  section. 
The  enclosed  fuselage  contains  the 
pilot’s  seat,  aircraft  controls  and 
lighted  instrument  panel.  An  am¬ 
plifier  provides  variable  engine 
noises  such  as  occur  in  flight.  A 
flight  path  recorder  and  instruc¬ 
tor’s  instrument  panel  are  built  into 
the  trainer.  The  fuselage  can  be 
mounted  on  a  rotating  base  if 
desired,  and  can  be  revolved  in  re¬ 
sponse  to  the  operation  of  the  con¬ 
trols. 

Because  it  can  be  adapted  to  the 
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MICA  CAPACITORS 


Standard  and  Special  Types  to  Meet  Practically  Any  Requirement 


The  full  advantages  of  up-to-the-minute  engineering  are 
incorporated  in  the  war  proven  line  of  Sprague  Mica 
Capacitors  covering  molded,  molded-case  potted  and  ceramic- 
case  potted  types  for  almost  any  need.  If  one  of  the  many 
standard  types  does  not  meet  your  requirements  Sprague  engi¬ 
neers  will  welcome  the  opportunity  to  cooperate  in  the 
design  of  special  types  for  out-of-the-ordinary  uses. 


WRITE  FOR  CATALOG  30 


Contains  data  on  all  standard  Sprague  Mica 
Capacitors  and  outlines  the  many  special 
types  that  can  be  engineered  and  pro¬ 
duced  as  required. 


SPRAGUE  ELECTRIC  COMPANY 

NORTH  ADAMS,  MASS. 


I 


-j 


1~ 


^I-ECTRONICS  —  S«pt«fnt«f,  IM6 


173 


FLIGHT  TRAINER 


(continued) 


instruments  and  flight  character¬ 
istics  of  any  type  airplane,  the 
Dehmel  trainer  offers  unlimited 
possibilities  in  the  field  of  flight 
training.  By  alteration  of  the  com¬ 
ponents  of  the  electronic  computing 
system  and  insertion  of  the  ap¬ 
propriate  instrument  panel  in  the 
dummy  cockpit,  the  changing  re¬ 
quirements  of  new  types  of  aircraft 
can  be  duplicated  in  the  trainer  ac¬ 
curately  and  satisfactorily. 


t  r  a  n  s  t  o  r 

any  specification!^^^^^^ 
Peerless  maintains  many 
specifications  on  file  — many 
already  set  up  .  .  .  thus  you 
development  cost  can  oftJ 
through  mtxlification  of 
tooling.  Call  or  write  m 


Decca  Navigation  Systen*. 
for  Ships  and  Planes 

Of  interest  to  commercial  aviation 
and  merchant  shipping,  the  English 
chain  of  Decca  electronic  navigator 
stations  was  declared  officially  in 
operation  in  July.  Transmissions 
from  this  chain  will  be  made 
throughout  24  hours  of  each  day, 
and  provide  navigational  aid  serv¬ 
ice  to  ships  and  aircraft  fitted  with 
Decca  navigator  receivers  over  an 
area  which  extends  to  a  minimum 
distance  of  300  miles  from  London. 

In  daylight  hours,  transmissions 
from  the  stations  can  be  recorded 
and  used  for  navigational  purposes 
up  to  more  than  1,000  miles.  With¬ 
in  this  service  area,  any  ship  or  air¬ 
craft  fitted  will,  by  reference  to  the 
indicating  meters,  be  able  to  fix  its 
position  with  a  very  high  degree  of 
precision.  This  precision  will  be¬ 
come  increasingly  greater  as  the 
coasts  of  Great  Britain  are  ap¬ 
proached  and  will  be  precise  enough 
to  allow  the  system  to  be  u.sed  as 
an  aid  to  pilotage  in  the  main 
estuaries  and  porta  around  the 
English  coast. 

The  immediate  purpose  of  the 
stations  is  to  secure  data  and  teat 
the  efficiency  of  the  system  in  con¬ 
nection  with  consideration  of  its 
adoption  as  the  standard  world¬ 
wide  navigational  aid  for  aircraft 
and  marine  vessels. 

This  first  chain  of  Decca  navi¬ 
gator  stations  comprises  four  sta¬ 
tions,  three  of  which  are  now’  oper¬ 
ational,  and  the  fourth  nearing 
completion.  One  of  the  stations,  at 
Buntingford,  in  Hertfordshire,  is 
termed  the  master,  the  other  sta¬ 
tions  being  the  slaves.  Each  slave 
is  identified  by  a  color.  The  first  is 
the  Red  slave  station  at  Stokeholy 
Cross,  near  Norwich.  The  second 
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To  avoid  damage 
from  Oxidation . . . 


protect  with  NITROGEN 


lJ]\l)t]  INitrogeii  provides  an  ideal  means  of  protection 
against  oxidation  and  corrosion  by  air.  For  packaging 
dehydrated  foods;  for  deaerating,  processing,  storing 
and  packaging  fats  and  oils  of  all  kinds;  or  for  pro¬ 
viding  an  inert  atmosphere,  free  of  impurities,  for  the 
complete  protection  of  practically  any  material  sus¬ 
ceptible  to  oxidation,  use  Linde  Nitrogen. 

LINDE  Nitrogen  is  99.7%  pure,  but  is  also  available 
bone  dry  and  at  higher  purity  for  special  applica¬ 
tions.  It  is  supplied  as  a  compressed  gas  in  cylinders 
containing  224  cn.  ft.  each,  or  in  bulk  in  tank-truck 
and  tank-car  lots  as  a  licpiid  which  is  converted  into 
gaseous  nitrogen  as  required.  Linde  Nitrogen  in  bulk 
offers  remarkable  savings  in  cost  and  eliminates  cyl¬ 
inder  handling. 

IV  rite  or  call  the  Linde  office  nearest  you. 

The  Linde  Air  Products  Company 

Unit  of  Union  Carbide  and  Carbon  Corporation 
30  E.  I2ncl  Si.,  New  York  17,  N.Y.  •  Offices  in  Other  Principal  Cities 

The  H»»r«I«  "l.imle”  and  "Prest-O-Lite”  arc  re^iatered  tradr-marks. 


HYDROGEN  •  NITROGEN  •  OXYGEN 


ARGON  •  HELIUM  ■  KRYPTON  •  NEON 
XENON  —  ACETYLENE 


LINDE  has  offices  in 
Principal  Cities 

Eastern  States 

Baltimore,  Md. 

Boston,  Mass. 

BiifTalo,  N.  Y. 

Charleston,  W.  Va. 

New  York,  N.  Y. 
Philadelphia.  Pa. 
Pittshiu’gh,  Pa. 

Central  States 

Chieago,  Ill. 

Cincinnati,  Ohio 
Cleveland.  Ohio 
Detroit,  \lieh. 
lndiana}K>lis.  Ind. 
Milwaukee,  ^  is. 
Alinnea)K)lis,  Minn. 

St.  liOiiis,  iMo. 

Southern  States 

Atlanta,  Ga. 

Birmingham,  Ala. 
Jacksonville,  Fla. 
Memphis,  Tenn. 

New  Orleans,  I. a. 

Southwestern  States 

Dallas,  Texas 
Denver,  Colo. 

Houston,  Texas 
Kansas  City,  Mo. 

Tulsa,  Okla. 

Western  States 

Butte,  Mont. 

FJ  Paso,  Texas 
I  iOS  Angeles,  Calif. 
PlnH*nix,  Ariz. 

Portland,  Ore. 

Salt  Lake  City,  Utah 
San  Francisco.  Calif. 
Seattle,  Wash. 

Spokane,  Wash. 
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DECCA  SYSTEM 


(continued) 


A  new  weapon  in  your  fight 
to  reduce  production  costs  .  . 


MARION  PORTABLE  BENCH-TYPE 
INOUCTION  SOLOERING  UNIT 


A  low-cost,  low-powered  induction  soldering  unit,  designed  lor  use  wherever 
production  soldering  of  small  metal  ports  and  assemblies  is  port  of  the  )ob. 
It  increases  the  quality  of  soldering  operations  .  .  .  minimizes  time  and  ex¬ 
pense  involved  .  .  .  requires  no  experienced  help  .  .  .  and  can  effect  major 
production  economies  in  such  diverse  fields  as  ra^o,  electronics,  jewelry,  elec¬ 
trical  fixtures,  toys,  kitchenware,  motors,  paint  brush  ferrules,  can  sealing,  etc. 

C0MPACT...AI>APTABU...tfrmNT...K0N0MKAL...5Aft 


0  It  increases  the  speed  of  soldering  op¬ 
erations  —  and  provides  a  result  often 
UDp>ossible  with  other  methods. 

0  Produces  cleaner  work  and  eliminates 
many  cleaning  operations. 

9  Ideal  for  use  with  belt-line  or  turntable 
types  of  automatic  feed. 

%  Inexperienced  operators  can  produce 
uniform  results  with  greater  safety  to 
the  operator  than  is  afforded  by  any 
other  meons. 


^  It  is  cheaper  to  operate  than  a  solder 
pot,  consuming  only  775  watts  at  full 
load  and  only  100  watts  on  standby. 
Power  is  drown  only  when  soldering  is 
taking  place. 

0  No  moving  parts  to  wear  out.  Tube  re¬ 
placement  costs  low.  All  components  are 
designed  with  generous  safety  factor. 

0  The  heater  offers  less  hazard  than  a  sol¬ 
dering  iron,  and  yet  does  a  neater, 
cleaner,  faster  job  .  .  .  without  danger 
of  sjxirking  or  radio  frequency  buri». 


is  the  Green  slave  station  at  East 
Hoathley,  near  Lewes  in  Sussex, 
and  the  third  is  the  Purple  slave, 
which  will  be  at  Wormleighton, 
Warwickshire. 

Antenna  System 

The  principal  feature  of  each  sta¬ 
tion  is  the  aerial  system,  which  is 
hung  on  a  325-foot  steel  mast.  The 
master  station  consists  of  such  a 
mast,  together  with  a  transmitter 
building  an^  reserve  power  build¬ 
ing.  The  slave  stations  are  similar 
in  construction,  except  the  trans¬ 
mitter  building  houses  the  auto¬ 
matic  phase  control  units  by  means 
of  which  the  slave  transmissions 
are  locked  to  the  master  signal. 
These  phase  control  units  ensure 
that  a  very  high  degree  of  synchro¬ 
nization  is  maintained  between  the 
slave  and  master  transmissions. 
On  both  the  master  and  slave  sta¬ 
tions,  extreme  precautions  are 
taken  to  ensure  that  no  failure 
either  in  the  public  supply  power 
service  or  in  the  radio  equipment 
can  cause  failure  of  the  radio  trans¬ 
missions  from  the  station. 

Transmissions  from  the  master 
and  each  slave  station  in  turn  are 
picked  up  on  the  receiver  in  the  air¬ 
craft  or  ship.  These  transmissions 
are  compared  by  electronic  means, 
and  by  consideration  of  the  known 
speed  at  which  radio  waves  travel, 
the  position  of  the  receiver  is  fixed 
with  relation  to  the  distance  from 
the  master  and  each  slave.  This 
fix  of  position,  given  instantane¬ 
ously  and  continuously  as  the  ship 
or  aircraft  moves,  is  displayed  on 
meter  dials  similar  to  a  speed- 


Antanna  syatam  aad  transmlH*r  building 
of  tho  Red  slave  station  of  the  new  Decca 
system  at  East  Hoathley,  England 
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^360.00  f.O.B.  Afonchetfer,  N.  H. 

ffoof  Treodfe  Extra) 

Each  unit  is  accompanied  by  a  manual  which  covers 
not  only  operating  and  service  information,  but  also 
the  design  of  the  work  coils  for  fundamental  shapes 
such  os  squore,  rectangular,  round  and  oval. 

SPECIFICATIONS 

Power  Supply:  115  volts,  60  cycle  •  Sise:  153/4**  x  21  Vz** 
X  15"  •  Mounting:  Standard  relay  rack  cabinet 
Weight:  150  pounds  O  Power  Consumption:  775  watts 
at  lull  power  output,  100  watts  standby. 

The  entire  unit  is  rigidly  assembled  and  mounted  to 
prevent  arc-over  and  failure  of  components. 


CiO 


MARION  ELECIRICAL  INSTRUMENI  CO 


ianChESTER  new  hamPSH  re 
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Manufactured  goods  with  n^ional  distribution 
must  meet  t  le  tcs^  ofjtfarctically  every  typ«^i^ 
climate — from  sub-7ero  arctic  ten^pwatiire  to 
tropical  moi  it  heat.  That  is  why^t  is  important 
to  use  materials  which  wiH^^nd  up  to  tempera- 
tiu«  and  huT  n'dity  variations.  In  thermoplastig^ 
that  means  ( ilELCON. 

Celcon  h%  maxtmi^4ot^hess  over  a  wide 
temperatu^  range  ,  .  .  excellent  dimensional 
form  ,  retention  in  mois^heat-.-^^ 
^^ood  outsidel  Avealhering  'eharactenstics  and  ex¬ 
cellent  electrical  properties. 

cel|:on  is  a  new  name _ 

As  LumaritH  E.  C.  (ethyl  cellulose),  Celcon  was 
war  tested  inj  the  toughest  applications  any  ther¬ 
moplastic  fdeed,  as  parts  for  fighting  planes, 
rockets,  thclVT  fuse  .  .  .  machete  handles  for 
the  tropics,  ^ashlights  for  arctic  service  .  .  . 

In  your  product  plaiming,  don’t  overlook 
;to»gh*depeT»lable  r TtTrpvg^n  in  p^Uft 
for!rt'4Q£^1l|gh-speed  injection  and  extrusion 
molding — in  a  wide  color  range.  Let  the  Celanese 
'Technical  Service  Staff  suppty'yoii  with  specific 
inforliiatioxK  Celanese  Pieties  Corporation,  a 
.^vision  of  C^hmese  Corporation  of  America, 
1^  Madison  Avenue,  York  16,  N.  Y, 


LUMARITH*  FORTICEl*  CElCONt 
CELLULOID*  VIMLITE* 

tXtedwBwk  *Bw.U.8.irM.OCr. 
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ometer  dial.  These  meters  give  a 
reading  of  figures  which  refer  to 
lattice  or  grid  lines  on  a  chart  of 
the  area  in  which  the  ship  or  air¬ 
craft  is  moving.  The  position  of 
the  ship  or  aircraft,  indicated  on 
the  Decca  meters,  is  accurate  to 
within  a  matter  of  yards,  and  tht* 
navigator  can  plot  his  position  and 
route  continuously. 

Comparison 

The  Decca  system  is  a  hyperbolic 
system  of  navigational  aid  and  thus 
employs  the  same  basic  principle 
common  to  Gee  and  Loran.  Here, 
however,  any  similarity  ends.  The 
Decca  system  employs  special  radio 
receiving  equipment  and  presents 
its  results  on  three  simple  meters. 

The  English  chain  will  be  avail¬ 
able  to  all  ships  sailing  in  the  Eng¬ 
lish  Channel,  North  Sea,  and  the 
Irish  Sea  and  to  aircraft  operating 
over  Great  Britain  and  North 
Europe.  Plans  are  now  well  ad¬ 
vanced  for  the  construction  of  a 
series  of  such  chains  throughout 
Europe,  and  it  is  expected  that  by 
the  end  of  1947  a  comprehensive 
system  of  Decca  chains  will  be 
available  throughout  Europe. 

The  Decca  Navigator  Company 
reports  it  has  received  a  contract 
from  the  Dutch  government  to  sup¬ 
ply  a  quantity  of  Decca  receivers 
for  use  in  clearance  of  minefields 
along  the  coast  of  Holland  and  in 
the  restoration  of  postwar  shipping. 
Sale  has  also  been  made  to  the 
Danish  government  of  a  complete 
chain  of  Decca  stations,  together 
with  the  necessary  receiving  sets 
for  making  a  hydrographic  survey 
of  Greenland.  This  system  will  en¬ 
able  them  to  carry  out  a  comprehen¬ 
sive  marine  survey  of  the  west 
coast  of  Greenland.  The  equip¬ 
ment  will  be  moved  from  point  to 
point  during  the  survey  and  from 
each  location  it  will  be  possible  to 
survey  an  area  of  between  50,000 
and  75,000  square  miles. 


Production  Testing 
of  I-F  Coils 

Testing  of  double  or  triple-tuned 
i-f  coils  has  represented  a  time-con¬ 
suming  operation,  and  the  degree  of 
accuracy  has  depended  largely  upon 
the  skill  of  the  inspector.  Unskilled 
personnel  can  be  employed  in  such 
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Are  you  troubled  with  the  high  cost  of  a  special 
instrument  for  your  product? 

Our  engineers  know  how  to  solve  your  instru¬ 
ment  problems  by  modifying  a  standard  Roller- 
Smith  Instrument  movement.  The  rugged  con¬ 
struction,  accuracy  and  long  life  of  the  instru¬ 
ments  have  been  amply  demonstrated  for  over 
40  years.  V^ou  get  the  regular  high  quality  of 
standard  Roller-Smith  Instruments,  applica¬ 
tion  engineered  to  your  measurement  problem. 

You  save  special  tooling  costs,  get  assured 
quality  and  speedier  delivery  when  you  solve 
your  "special  instrument"  problem  with  a 
standard  Roller-Smith  Instrument  movement. 
Write  us  in  detail  for  help  with  your  instrument, 
or  see  your  R-S  representative. 


Typical  Instrument  Problems  Solved 
vrith  Standard  Roller-Smith  Movements 

Measurement  of :  Temperature,  Percent  Modulation, 
Noise  Level,  Vacuum  Tube  Circuits,  Combustion 
Analysis,  Radio  Frequency  Circuits. 


ROLLERSmiTH 


17S2  WEST  MARKET  STREET 
BETHLEHEM  •  PENNSYLVANIA 

In  C  a  n  a  d  a  t  Roller-Smith  Mortlond,  Ltd.,  Kitchener,  Ontario 

CLCCTRICAL  IN0I0ATIN8  INeTRUMCNTI  •  AIRCRATT  INeTRUMCNTR  •  tWITCHOCAR 
AIR  AND  OIL  OIROUIT  RRCARCRt  •  ROTARY  RWITCHCR  •  RCLAYR  •  RRCCIBION  BALANCES 
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F  COIL  TESTS 


work  to  operate  a  new  instrument 
that  uses  a  cathode-ray  tube  as  the 
indicating  device.  The  representa¬ 
tion  of  the  i-f  response  curve  of  the 
component  under  test  is  such  that  it 
must  fit  between  the  traces  of  limit 
coils  of  the  same  receiver  design 
which  are  continually  shown  on  the 
scope  screen.  If  it  does  not,  it  is 
immediately  rejected  as  outside  lim¬ 
its.  The  degree  of  over,  under  or 
critical  coupling  may  readily  be  ob¬ 
served  in  the  shape  of  the  traces. 

The  equipment  consists  of  a  fre¬ 
quency-modulated  oscillator,  refer¬ 
ence  and  test  i-f  stages,  electronic 
switching  and  sweep  circuits,  and 
an  oscilloscope.  .The  frequency- 
modulated  oscillator  is  of  the  con¬ 
ventional  reactance  tube  type  and 
may  be  set  at  any  frequency  between 
85  kc  and  11  me  by  means  of  plug-in 
oscillator  coil  assemblies.  The  os¬ 
cillator  is  followed  by  a  buffer  ampli- 


DYNAMIC 

MICROPHONES 

NEWLY  DESIGNED 
AND  ENGINEERED 


•  Incorporating  advanced 
ideas  in  operation  and  de¬ 
sign,  Astatic  DN-Series 
Dynamic  Microphones  are 
highly  recommended  tor  a 
wide  variety  oi  communica¬ 
tions  and  public  address  ap¬ 
plications,  especially  where 
temperatures  vary  and  high 
relative  humidity  is 
encountered. 


these  models  is  available  vdth 
^  the  Type  G,  Grip -to -Talk  Desk 

Stand.  Only  one  model,  however,  DN-HZ-S,  high  im¬ 
pedance,  is  available  with  the  Type  S  On-Off  Switch. 
Astatic  Dynamic  Microphones  are  semi-directional  in 
character,  incorporate  a  unitary  moving  coil  system 
and  carefully  proportioned  acoustic  circuit  to  highly 
damp  the  natural  resonance  of  the  moving  parts  and 
provide  a  response  substantially  flat  from  50  to  7,000 
cycles.  All  DN-Series  Microphones  are  sturdy  and  de¬ 
pendable,  relatively  low  in  cost,  smartly  streamlined, 
attractively  finished  in  opalescent  gray  with  bright 
chrome  grille,  and  sure  to  give  long,  satisfactory  service. 


The  production  coil  is  adjusted  so  that  it* 
curye  falls  within  the  limit  traces  that 
hare  been  preriously  standardized 


fier  which  feeds  the  reference  and 
test  i-f  stages.  Three  i-f  stages  are 
in  parallel  and  equal  signal  is  given 
to  all  three.  The  output  of  each 
stage  is  an  infinite-impedance  de¬ 
tector!  The  three  detectors  are  con¬ 
nected  together  in  a  common  cathode 
resistor  which  represents  about  one- 
third  of  their  cathode  load. 

The  electronic  switching  alternates 
each  of  these  three  channels  in  se¬ 
quence  (test,  low  limit,  test,  high 
limit),  so  that  at  any  one  time  only 
one  channel  is  effective  in  producing 
a  trace  on  the  screen  of  the  oscil¬ 
loscope.  The  saw-tooth  sweep  gen¬ 
erator  is  synchronized  with  the  elec¬ 
tronic  switching  and  sweeps  both  the 
reactance  tube  circuit  and  the  hori¬ 
zontal  plates  of  the  oscilloscope. 
Overcoupled  coils  may  be  tuned  in 


180 
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Th«  Collins  300G  250  WoH 
Broadcast  Transmittor 


The  excellence  of  Collins  broadcast  equipment 
is  an  accepted  tradition,  backed  by  years  of  re¬ 
liable  service  under  continuous  operation.  Dur¬ 
ing  the  war  years,  when  maintenance  was  a 
major  problem,  owners  and  operators  of  Collins 
equipment  found  their  faith  thoroughly  justi¬ 
fied  by  the  thousands  of  hours  of  uninterrupted 
operation  logged  on  their  stations. 

The  new  Collins  transmitters  and  speech 
equipment  reflect  the  soundest  principles  of  de¬ 
sign  and  construction.  By  careful  attention  to 
detail,  and  by  combining  foresight  with  experi¬ 
ence,  we  have  developed  high  fidelity  broadcast 
equipment  that  is  outstanding  for  endurance, 
style,  and  accessibility. 

The  300G  250/100  watt  AM  transmitter  is 
designed  for  continuous  high  fidelity  service. 
The  frequency  response  is  within  =*=1.0  db  from 
30-10,000  cps,  and  distortion  and  noise  are  far 


better  than  FCC  requirements.  Stabilized  feed¬ 
back  maintains  the  excellent  j>erformance  over 
variations  in  operating  conditions. 

The  Collins  212A-1  speech  input  console  is  a 
packaged  unit  providing  simultaneous  audition¬ 
ing  or  rehearsing,  cueing,  and  broadcasting  from 
any  combination  of  two  studios,  an  announce 
booth,  a  control  room  announce  microphone,  two 
turntables,  and  six  remote  lines.  The  frequency 
response  of  30-15,000  cps  is  ideal  for  AM,  FM, 
and  Television  applications.  The  chassis  rotates 
within  the  end  supports,  permitting  maintenance 
during  operation. 

Write  today  for  illustrated  bulletins  describing 
these  and  other  Collins  broadcast  equipments. 


or.  BROADCAST  QUALITY,  IT’S  .  .  . 


Collins  Radio  Company,  Cedar  Rapids,  Iowa 


11  West  42ncl  Street,  New  York  18,  N.  Y. 


458  South  Spring  Street,  Los  Angeles  13,  Colifornio 
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(continued) 


a  few  seconds  since  it  is  immediately 
obvious  whether  or  not  they  are 
within  the  specified  limits  by  the  po¬ 
sition  of  the  test  trace  with  respect 
to  the  two  limit  traces. 


The  operator  makes  but  three  ad¬ 
justments:  the  two  tuning  screws  on 
the  coil  under  test  and  a  gain  con¬ 
trol  giving  a  small  amount  of  con¬ 
trol  to  the  stage  under  test.  This 
gain  control  is  not  sufficient  to  al¬ 
low  an  out-of-limits  coil  to  fall  within 
limits  and  may  be  locked  at  any 
desired  setting. 

Voltage  variations  which  normally 
cause  decentering  of  the  scope  pat¬ 
tern  cause  no  error  as  all  three  traces 
move  together.  Frequency  shift  af¬ 
fects  all  three  traces  in  the  same 
manner  and,  thus  produces  no  error 
in  the  system.  Gain  variations  in 
the  scope  or  amplifier  circuits  can¬ 
cel  out  as  all  three  signals  are  am¬ 
plified  in  the  same  channel.  The  two 
limit  traces  serve  as  a  constant  check 
on  each  other  and  any  serious  change 
in  either  limit  channel  immediately 
shows  up  as  a  change  in  the  scope 
presentation. 

The  use  of  an  external  oscilloscope 
having  good  low-frequency  response 
is  required  for  the  Visi-limit  curve 
tracer,  made  by  Raymond  M.  Wil- 
motte  Inc.,  New  York.  Setting  up 
the  scope  is  a  minor  problem  as  the 
internal  sweep  of  the  equipment  is 
brought  out  to  a  plug  and  cord  and 
can  be  applied  to  the  horizontal  gain 
amplifier  of  the  scope.  This  elimi¬ 
nates  synchronization  problems. 


the  Plastic 
Perfectionist 


STAYS  ON  THE  JOB,  THRU 

THICK  w  THIN 


“Like  Jack  Spratt  and  his  wife,”  says 
Felsy,  “we  relish  injection  molding  jobs 
that  combine  the  fat  with  the  lean.  .  .  . 
One,  or  a  dozen,  different  wall  thicknesses 
in  a  single  molding  are  our  dish!” 

We  have  the  men,  the  skill  and  the 
machinery  to  take  on  blueprints  that 
make  roost  people  turn  blue  in  the  face — 
and  then  come  through,  colors  flying, 
with  the  product  perfected  in  plastic — 
whether  it  takes  INJECTION  MOLD- 
ING,  PLASTIC  LAMINATING,  OR 
FABRICATING. 


Mobile  Two-way  F-M  in  Cabs 

Tests  of  f-m  two-way  radio  are  be¬ 
ing  made  in  Philadelphia  to  deter¬ 
mine  how  widely  the  equipment  may 
be  utilized  in  Yellow  Cab  Company’s 
1,172  taxicabs  and  15  Cabulances. 
The  company  plans  to  install  two-way 
radio  in  about  25  of  the  automobiles 
used  by  the  company’s  street  super¬ 
visors.  The  next  step  would  be  to 
install  mobile  equipment  in  50  cabs, 
to  be  available  for  emergencies. 

When  the  system  is  placed  in  full 
operation,  communication  by  tele¬ 
phone  will  be  established  between  the 
station  on  the  roof  of  the  Aldine 
Trust  Building  and  the  headquar¬ 
ters  of  the  cab  company’s  dispatch- 


Write  for  booklet  3~A  on  your  letterhead 
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Circuit  Engineering  Edition 
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SEPT.  Prepared  by  SYLVANIA  ELECTRIC  PRODUCTS  INC.,  Emporium,  Pa.  1946 


MODERN  SET  DESIGN  SEEN  GREATLY  INFLUENCED 
BY  NEW  SYLVANIA  ELECTRIC  T-3  TUBE 


Commercial  Version  of  Proximity  Fuze  Tube 
Is  Tiny^  Rugged^  Has  Long  Life 


Radio  equipment  manufacturers  are  view¬ 
ing  with  marked  interest  the  radical  re¬ 


ductions  in  size  and  weight  now  made 


IE  I 


possible  in  many  types  of  electronic  equip¬ 
ment  through  the  use  of  the  sensationally 
small  Sylvania  vacuum  tube,  T-3. 

The  commercial  version  of  the  former 
proximity  fuze  transceiver  tube  is  noted  for 
exceptional  ruggedness  . . .  long  life . . .  ideal 
suitability  for  high  frequency  operation. 

Some  of  the  design  possibilities  opened 
by  the  T-3  are  shown  here.  Of  course,  its 
potentialities  are  not  limited  to 
these  fields. 

Write  Sylvania  Electric  Products  |  \ 

Inc,^  Emporium^  Pa,  I  ^ 


I  B  ?- 


The  T-3  tube  is  shown  here 
in  its  actual  size. 


SYLVANIA^  ELECTRIC 


Emporium^  Pa, 

makers  of  radio  lUBES;  CATHODE  RAY  TUBES;  ELECTRONIC  DEVICES;  FLUORESCENT  LAMPS.  FIXTURES,  WIRING  DEVICES;  ELECTRIC  LIGHT  BULBS 
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F-M  IN  CABS 


(continutd) 


ers  several  blocks  away,  permitting 
operation  of  the  entire  system  from 
the  latter  point.  A  dial  system  will 
enable  dispatchers  to  call  any  indi¬ 
vidual  cab. 

Developed  by  engineers  of  RCA 
Victor  Division  of  RCA,  the  mobile 
equipment  consists  of  a  small  control 
box  and  a  handset  installed  on  the 
dashboard  of  the  cab;  a  40- watt  f-m 
transmitter,  a  dynamotor,  and  an  f-m 
receivet,  all  in  the  cab’s  baggage 
trunk;  and  an  18-inch  antenna  on 
the  cab  roof. 

The  station  equipment  includes  a 
45-watt  f-m  transmitter,  power  sup¬ 
ply,  and  f-m  receiver,  and  an  18-inch 
ground  plane  or  “Whirling  Joe”  an¬ 
tenna  mounted  on  a  mast  on  the  roof 
of  the  Aldine  Trust  Building. 

The  equipment  operates  in  the  new 
frequency  band  of  152  to  162  mega¬ 
cycles,  which  was  opened  up  by  the 
Federal  Communications  Commis- 


g  INSTRUMENTS  ^ 

built  for  Accuracy  and  Endurance 


STANDARD  SIGNAL  GENERATOR  Model  so 


This  instrument  is  well  suited  for  development  and  production  testing 
in  the  recently  allocated  FM  and  Television  bands.  The  absence  of 
stray  fields  or  leakage  permits  accurate  measurement  of  the  most 
sensitive  receivers. 

SPECIFICATIONS: 

CARRIER  FREQUENCY  RANGE:  2  to  400  megacycles. 

OUTPUT:  0.1  to  100,000  microvolts.  50  ohms  output  impedance. 

MODULATION:  AM  0  to  30%  at  400  or  J!  fl  N 

1000  cycles  internal.  Jack  for  externa  I 
audio  modulation. 

Video  modulation  jack  for  connection 
of  externa  I  pulse  generator.  M 

POWER  SUPPLY:  117  volts,  50-60  cycles. 

DIMENSIONS:  Width 
Depth 


Suitable  connection  cables 
and  matching  pads  can  be 
supplied  on  order. 


In  the  baggage  trunk  of  the  cob  are 
motmted  the  40-watt  i-m  transmitter  at  top. 
receiver  at  lower  right,  and  dynomotors  at 
lower  left 


Model  62  ^ 

VACUUM  TUBE  VOLTMETER 


sion  last  year  for  tests  by  urban 
transit,  police,  and  similar  services. 
Preliminary  reports  indicate  that 
blind  spots  and  shadows  experienced 
in  down-town  areas  in  large  cities 
on  lower  frequencies  are  not  en¬ 
countered  on  the  new  frequency  allo¬ 
cation. 


SPECIFICATIONS: 

RANGE:  Push  button  selection  of  6ve  ranges — 1,  3,  10,  30 
and  100  volts  a.c.  or  d.c. 

ACCURACY:  2%  of  full  scale.  Usable  from  50  cycles  to 
150  megacycles. 

INDICATION:  Linear  for  d.c.  and  calibrated  to  indicate 
r.m.s.  values  of  a  sine-wave  or  71  %  of  the  peak  value 
of  a  complex  wave  on  a.c. 

POWER  SUPPLY:  115  volts,  40-60  cycles— no  batteries. 

DIMENSIONS:  4H"  wide,  6"  high,  and  814”  deep. 

WEIGHT:  Approximately  six  pounds. 

Immediate  Delivery 


Piilst  GwiBBtors 

FM  Slpwl  Gtnwrtof* 

CipBcity  BridjB* 
Mtsohin  MBtws 

Ttiwtelon  and  FM^ 


A  METHOD  of  viewing  an  object  by 
projecting  upon  it  electromagnetic 
waves  of  short  waveleugtli  is  de¬ 
scribed  in  British  patent  292,185 
granted  to  J.  L.  Baird  in  1926. 
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>  it’s  Amphenol 

all  the  way! 

Amphenol  components  are  in  use  in  every  branch  of  the  elec¬ 
tronics  industries.  In  radio  and  in  mobile  communications  such 
as  Police,  Railroads,  Buses,  Marine,  Aviation,  and  Military  equip¬ 
ment;  in  broadcasting  stations,  FM  and  Television  studios;  in 
projection  and  sound  devices;  in  testing  and  experimental  lab¬ 
oratories;  in  Industry  where  electronically  operated  or  controlled 
devices  are  used.  Whatever  the  need  may  be — for  whatever 
type  of  installation  —  for  any  and  all  operating  frequencies  — 
there  is  on  Amphenol  component  to  fill  a  vital  need. 

The  list  of  Amphenol  products  includes  more  than  8,000  different 
items — the  most  complete  line  of  cables,  plugs,  connectors,  fit¬ 
tings,  sockets,  antennas  and  plastic  components  available  from 
any  one  source  in  the  world  today. 


AGO  5  0,  ILLINOIS 
Amphenol  Limited  •  Toronto 
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Impedance  Nomograph 

By  Gershon  J.  Wheeler 

Brookline,  Mass. 


This  nomograph  presents  a  simple 
means  for  converting  R  ±  jX  to  Z/0 
or  vice  versa.  Enter  the  graph  with 
the  value  of  R  as  the  abscissa  and 
the  value  of  X  as  the  ordinate.  The 
point  so  located  lies  on  or  near  an  arc 
which  represents  a  value  of  Z  to  be 
read  at  either  end  of  the  arc.  The 
angle  6  is  found  by  laying  a  straight 
edge  through  the  origin  and  the 
point  found  above.  The  value  is  read 
on  the  outside  quadrant. 

For  example:  R  is  S  ohms,  X  is  4 
ohms.  The  point  located  as  above  is 
point  A  on  the  graph.  It  lies  on  an 
arc  which  has  a  5  at  either  end.  A 
straight  edge  through  A  and  the 


origin  intersects  the  quadrant  at 
about  53  degrees.  Thus  Z  is  5  ohms 
and  0  is  53  degrees.  If  R  is  30  and 
X  is  40,  then  Z  would  be  50.  That  is, 
the  units  may  be  ohms,  tens  of  ohms, 
fractions  of  ohms,  etc,  as  long  as  R, 
X,  and  Z  are  in  the  same  units. 

If  R  is  38  ohms  and  X  is  7  ohms, 
the  intersection  is  now  at  point  B. 
Here  the  units  are  tens  of  ohms.  Z 
is  approximately  39  ohms  and  0  is 
about  10.7  degrees. 

It  Z/0  is  given,  the  process  is  re¬ 
versed. 

If  R  is  ten  times  X  or  greater,  or 
if  X  is  ten  times  R  or  greater,  then 
Z  is  approximately  equal  to  the 


larger  value,  and  6  cannot  be  deter¬ 
mined  accurately  but  is  larger  than 
84  degrees  or  smaller  than  6  degrees 
as  the  case  may  be. 

If  X  is  negative,  0  is  negative. 

Production  Research 

Measurement  of  forces  on  high 
speed  cemented,  or  sintered  carbide- 
tipped  milling  tools  is  being  done 
with  a  cathode-ray  oscillograph. 
Need  for  high  production  rates  from 
milling  machines  led  to  the  use  of 
carbide-tipped  tools.  However,  little 
was  known  of  the  proper  feed,  rakes 
of  tool  cutting  edges,  and  cutting 
speeds.  After  much  observation  of 
tool  wear  and  life,  strain  gages  were 
mounted  on  a  single-tooth  cutter  as- 


Fig.  1 — Two  sections  of  the  five-channel 
oscillograph  used  to  record  forces  in  mill¬ 
ing  cutter 

sembly  and  strains  observed  on  the 
oscillograph  shown  in  Fig.  1. 

Oscillographic  Studies 

The  five  channel  cathode-ray  oscil- 
oscope,  designed  and  built  at  Cali¬ 
fornia  Institute  of  Technology,  con¬ 
sists  of  individual  cathode-ray  tubes 
and  their  associated  circuits;  five 
cameras  automatically  photograph 
the  oscilloscope  patterns.  Resistance- 
wire  strain  gages  are  located  on  the 
cutter  to  measure  tangential,  axial, 
radial  or  instantaneous  torques.  A 
fifth  gage  was  mounted  between  the 
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Collaborative  Efforts 

with  Radio  Tube  Industry  result  in : 
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•  Up  to  50%  closer  tolerances  at  no  added  cost  e Greater  uniformity  •Shorter  delivery 
schedules  ^Less  loss  in  tube  assembly  einrtproved  electronic  tube  characteristics 

The  Superior  Tube  Company  Electronics  Division,  working  closely  with  the  needs  of  the 
radio  tube  industry,  has  developed  over  the  years  a  program  of  measurement  and  control  which  has  re-defIned 
reasonable  expectations  in  cathode  sleeve  design  and  production.  Mutual  benefits  have  been  the  result,  for 
Superior  now  offers  to  the  tube  manufacturer, a  line  of  cathode  sleeves  to  standard  specifications  which  are  to 
tolerances  closer  than  would  be  possible  otherwise. 

For  special  requirements,  closer  than  standard  specifications  can  be  met. 


You  are  cordially  invited  to  bring  both 
cathode  and  anode  problems  to  us.  The 
Engineering  Staff  of  Superior  Electronics 
Division  will  gladly  work  with  you. 
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for  increased  business  efficiency. 


MOUCfO 


Development  of  the  WPB,  were  su?* 
jested  by  the  Manufacturing  Engi¬ 
neering  Committee  of  The  American 
j  Society  of  Mechanical  Engineers. 
During  the  war  the  ASME  collected 
and  published  the  findings  and  ex¬ 
periences  of  numerous  manufac¬ 
turers  and  users  of  millers  and  the 
results  of  research  centered  at  Cali¬ 
fornia  Institute  of  Technology  and 
the  University  of  Michigan.  The 
oscillograph  was  developed  at  Cal 
I  Tech  toward  the  close  of  the  war. 


When  you  need  something  now  to  keep  your 
business  going,  machinery  running,  men  at 
work,  or  to  plug  up  holes  in  your  inventory  — 
specify  Air  Express  and  get  it  the  fastest  way. 

No  supplier  in  the  country  is  far  away  from 
your  door  —  by  air.  A  matter  of  flying  hours  — 
overnight  at  the  most. 

Cost?  Rates  are  drastically  down.  But  aside 
from  this  new  economy.  Air  Express  is  a 
monev-makinsr  tool  used  bv  thousands  of  firms 


der  a  number  of  these  curves  with  a 
planimeter  the  graph  of  Fig.  3  was 
obtained.  Similiar  graphs  for  all 
forces  are  being  prepared. 

Reporting  Findings 

Research  projects,  originated  by 
the  Office  of  Production  Research  and 
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Fig.  3 — Effect  of  rake  on  milling  forces  is 
plotted  from  many  oscillograms 


FiRsr - 

Write  Today  for  the  Time  and  Rate  Schedule 
on  Air  Elxpress.  It  contains  illuminating  facts 
to  help  you  solve  many  a  shipping  problem. 
Air  Express  Division,  Railway  Express  Agency, 
230  Park  Avenue,  New  York  17.  Or  ask  for 
it  at  any  Airline  or  Railway  Express  office. 


Phene  AIR  EXPRESS  DIViSICN,  RAILWAY  EXPRESS  AGENCY 
Representing  the  AIRLINES  of  the  United  States 


wsiness 

CIENCY 


cash  in  on  the  money-making 
speed  of  AIR  EXPRESS 


PRODUCTION  RESEARCH 


(contiobsd) 


work  and  the  table.  Connections  be¬ 
tween  strain  gages  and  oscillograph 
are  made  by  slip  rings  connected  at 
the  rear  of  the  cutter  spindle.  With 
this  equipment,  data  can  be  collected 
much  faster  than  with  the  earlier 
practice  of  observing  various  cutting 
procedures. 

Effect  of  angle  of  rake  w'as  studied 
from  such  traces  as  the  one  shown  in 
Fig.  2.  By  measuring  the  areas  un- 


Fig.  2 — Oscillograph  indicates  magnitude 
and  frequency  of  forces  in  cutter  as  tool 
passes  through  the  work 


■t-IO»t5»  0*  -5*  -»0* -l5*-20*  AXIAL 
♦  l0*+5»  0*  -9* -I0»-I5*-20»RAOIAL 

RAKE  IN  OESREES 


Speclfjj  Air  Bepress-a  Good  Business  Bu^ 


Shipments  go  everywhere  at  the  speed  of  flight 
between  principal  U.  S.  towms  and  cities,  with 
cost  including  special  pick-up  and  delivery. 
Same-day  delivery  between  many  airport  towns 
and  cities.  Fastest  air-rail  service  to  and  from 
23,000  off-airline  communities  in  the  United 
States.  Service  direct  by  air  to  and  from  scores 
of  foreign  countries  in  the  world’s  best  planes, 
giving  the  world’s  best  service. 


RATES  CUT  22%  SINCE  1943 
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The  complete  line  of  De  Mornay  *  Budd  standard 
test  equipment  covers  the  frequency  range  from 
4,000  mcs.  to  27,000  mcs.  It  provides  all  R.  F. 
waveguide  units  necessary  for  delicate',  precision 
test  work  requiring  extremely  high  accuracy  in 
attenuation  measurements,  impedance  measure¬ 
ments,  impedance  matching,  calibration  of  d^ 
rectionai  couplers,  VSWR  frequency  measure¬ 
ments,  etc. 


To  eliminate  guesswork,  each  item  of  this 
De  Mornay  •  Budd  test  equipment  is  individually 
tested  and,  where  necessary,  calibrated,  and 
each  piece  is  tagged  with  its  electrical  character¬ 
istics.  All  test  equipment  is  supplied  with  inner 
end  outer  surfaces  gold  plated  unless  otherwise 
specified. 

Our  greatly  expanded  microwave  research 
facilities  are  at  your  disposal  for  consultation. 


The  three  test  set-ups  illustrated  above  .include: 

Tub*  Mount  TunobU  Dummy  Lood 

Flap  Att*nuator  Standing  Wav*  D*t*ctor 

Fr*qu*n<y  M*t*r  Typ*  *‘N”  Standing  Wav*  D*t*€tor 

Calibrat*d  Att*nuator  Dir*ctionai  CoupUr 


T** 

Stub  Tun*r 


High  Pow*r  Dummy  Load 
Cut-Off  Attonuator 


Stands,  otc. 


Dt  MORNAY 
BUDD 


EQUIPMENT 

FOR 

97%  OF  AU 
RADAR  SETS 


Di  MORNAY  •  lUDD  INC.,  475  GRAND  CONCOURSE.  NEW  YORK  51.  NEW  YORK.  CARLE  ADDRESS  “DEMBUD.”  N.  Y. 


lies 
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that  never  jifrows  dim 


TURNER 
MOREL  211 

DYNAMIC  MICROPHONE 


Turner  engineers  utilize  an  improved  magnet 
structure  and  acoustic  network  to  extend  the 
high  frequency  range  and  raise  the  extreme  lows. 
A  speciallv  designed  precision  diaphragm  results 
in  unusually  low  harmonic  and  pfiase  distortion 
without  sacrifice  of  high  output  level. 


Field  tested  under  the  most  difficult  operating 
conditions,  the  Turner  211  Dynamic  is  not 
affected  by  temperature  or  climate.  Its  response 
remains  free  from  |>eaks  or  holes  from  30  to 
10,000  cycles.  Adapted  to  both  voice  and  music 
pickups," the  Turner  211  is  the  ideal  companion 
for  quality  recording,  sound  system,  public 
address  and  broadcast  equipment. 

Ask  your  dealer  or  write 


905  17th  Street  N.  E.,  Cedar  Rapids^  Iowa 


TURN  TO  TURNER  FOR  THE  FINEST  IN>  ELECTRONIC  EQUIPMENT 


Licensed  under  U.  S.  Patents  of  the  American  Telephone  and  Telegraph  Company, 
and  Western  Electric  Company,  Incorporated. 


ing  society  can  provide.  Results  of 
these  projects  were  published  as  the 
work  progressed  thereby  enabling  in¬ 
dustry  to  make  immediate  use  of  new 
knowledge  and  techniques.  As  a  con¬ 
sequence  it  is  not  now  necessary  to 
try  to  gather  and  publish  all  the  in¬ 
formation  that  was  learned.  The 
ASME  hopes  to  continue  the  project 
with  the  cooperation  of  industry. 

•  •  • 

A  New  Renoiiant  Circuit 

Phase  inversion  of  electronic  tubes 
combined  with  either  resistance  and 
capacitance,  or  resistance  and  in¬ 
ductance,  produces  electrical  reso¬ 
nance.  The  capacitance  form  of  the 
circuit  is  useful  as  a  selective  filter 
and  amplifier  for  very  low  audio  fre¬ 
quencies.  The  inductance  form  is 
u.seful  at  high  frequencies. 

The  action  of  inductance-capaci¬ 
tance  resonant  circuits  is  dependent 
upon  the  180-degree  pha.se  difference 
between  the  two  reactances.  This 
same  phase  difference  can  be  ob- 
;  tained  by  converting  a  reactance  into 
the  complementary  type  by  means  of 
a  vacuum  tube,  and  combining  the 
resultant  electrical  reactance  with  a 
physical  reactance  of  the  original 
type.  For  example:  A  capacitance 
(—90°)  is  converted  by  a  tube 
(+180°)  to  an  inductance  (  +  90°) 
which  is  then  combined  with  another 
capacitance  to  produce  resonance. 

Ch<trn4it  eristics 

Whereas  familiar  vacuum-tube 
circuits  that  are  frequency  selective, 
such  as  those  used  in  resistance-ca¬ 
pacitance  oscillators,  depend  for  their 
operation  on  the  introduction  of  neg¬ 
ative  resistance  and  therefore  are 


Fig.  1 — In  this  resonant  circuit,  the  re¬ 
actances  shown  os  blocks  are  both  either 
inductors  or  capacitors 
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Get  This  Unique  Combination 


of  Properties  with  G-E  Mycalex 


1.  High  dielectric  strength 


Low  power  factor 


3.  Prolonged  resistance  to  electrical 


4.  Chemical  stability— no  deterioration 


with  age 


5.  Dimensional  stability— freedom 


from  warpage  and  shrinkage 


6.  Impervious  to  water,  oil,  and  gas 


7.  Resistance  to  sudden  temperature 


changes 


8.  Low  coefficient  of  thermal  expan- 


9.  High  heat  resistance 


Samples  Supplied  on  Request 


HOW  THE  G-E 
MYCALEX  SERVICES 
CAN  BENEFIT  YOU  NOW 

You  may  order  fabrication  of  sample 
G-E  mycalex  parts  at  surprisingly  low 
cost.  Test  them  yourself  in  your  own 
equipment.  Then,  if  you  decide  to 
specify  G-E  mycalex,  your  design 
can  be  converted  to  a  molding  proc¬ 
ess  which  permits  speedy  and  eco¬ 
nomical  production  runs. 


FABRICATING  SERVICE 


GENERAL  #ELECTR1C 
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MORE  THAN  16,000,000 
MOLDED  OF  G-E  MYCALEX 

tHere  is  an  example  of  precision  heighten  the  efficiency  of  your 

molding  a  critical  component  in  product  and  sure  on  orer-all  in- 

G-E  mycalex  and  supplying  it  by  .'inlation  costs  by  using  a  G-K 

the  million.  The  aircraft  engine  mycalex  precision  molded  part, 

spark  plug  terminal  sleeve  had  G-E  mycalex,  a  stone-hard, 

the  advantage  of  being  “self-  gray-colored  material  that  is  pro¬ 
healing’*  after  exposure  to  pro-  duced  by  fusing  special  glass  with 

longed  arcing.  It  lent  itself  to  powdered  mica,  is  now  available 

ground  crew  maintenance  of  our  to  you  in  standard  rods  and 

warplanes.  sheets  .  .  .  fabricated  parts  ...  or 

This  is  but  one  of  the  many  molded  to  your  own  design.  A  new 

parts  molded  in  G-E  mycalex  by  bulletin  tells  the  whole  story  of 

General  Electric  during  the  war.  unique  G-E  mycalex — send  for  it 

Why  not  consult  G-E  engineers,  today.  Plastics  Divisions,  S-l.S, 

who  have  perfected  G-E  mycalex  Chemical  Department,  General 

molding  techniques,  about  your  Electric  Company,  1  Plastics 

insulation  problems?  You  may  Avenue, Pittsfield, Massachusetts. 


If 

::iS- 


SPECIALISTS  IN 
SPECIAL  CRYSTALS 


RESONANT  CIRCUIT 


not  stable,  this  circuit  depends  on  the 
phase  inversion  introduced  by  the 
tube.  Although  this  circuit  is  not 
capable  of  self  oscillation,  it  is  stable 
under  all  conditions.  (Ed.  Note: 
This  circuit  could  be  used  as  the 
resonant  element  in  an  oscillator.) 
The  basic  circuit  is  shown  in  Fig.  i. 

An  analysis  of  the  circuit  indicates 
that  capacitive  circuit 

OH)  = 

Q  = 

inductive  circuit 

=  (m'RiRt/LiL,y'* 

Q  =  im'RiLi/RiLty'Vg 

where  the  damping  factor  is 


and  m,  the  voltage  amplification  ratio 
of  the  tube,  is  g^R,  for  a  pentode,  R, 
being  the  parallel  resistance  of  the 
tube  plate  resistance  and  Ra,  and  H  is 
the  reactance  operator  and  r  the  loss 
resistance  of  Z,  where,  for  the  ca¬ 
pacitive  circuit,  H  =  1/CD  and,  for 
the  inductive  circuit,  H  =  LD,  D 
being  d/dt. 

Applications 

The  network  can  be  used  as  a 
parallel  resonant  circuit  by  connect¬ 
ing  to  it  at  points  P-P,  Fig.  1,  or  as 
a  series  resonant  circuit  by  opening 
and  entering  it  at  point  S.  As  the 
selective  element  in  an  amplifier,  the 
network  provides  a  constant  gain, 
tunable,  low  frequency  analyzer  for 
biological  and  other  purposes  dealing 
with  frequencies  in  the  order  of 
cycles  per  minute.  Such  a  selective 
amplifier  can  be  used  either  to  iso¬ 
late  a  desired  frequency  component 
or  to  analyze  the  frequency  spectrum 
of  very  slow  cyclic  phenomena.  (A 
new  Type  of  Electrical  Resonance  by 
E.  E.  Schneider,  The  Philosophical 
Mag,  June  1946,  p  371.  Circuit  op¬ 
erating  conditions  are  explained  and 
equations  derived.  References.) 


Sperry  Reflectoscope, 
product  of 
Sperry  Products.  Inc. 


CRYSTAI^B  SUPERSONIC  CRYSTALS 

Excellent  examples  of  CRYSTALAB  skill  in  special 
are  Crystalab  Supersonic  Crystals  such 
as  those  used  in  the  famed  Sperry  Reflecto* 
scope.  These  Supersonic  Crystals  are  adaptable 
V'-^or  a  multitude  of  scanning  devices  for  the 
'^detection  of  flaws  In  practically  all  materials. 

l  hAeta\  plated  on  contact  surface  for  longer 
„^;t>wear.  Radii  of  curvatures  from  1  inch  to  12 
'  ^  inches  with  tolerances  maintained  to  ±.001 

inches.  Crisp,  clean,  square  corners  .  .  .  chip 
free  edges.  Slight,  moderate,  or  firm  damp- 
crystal  as  specified  by  you.  Made 
your  size  and  shape  requirements  within 
physical  limitations  of  piezoelectric  quartz. 
Fundamental  frequencies  .5MC  to  12MC. 


Crystalab  maintains  a  complete  research 
and  engineering  staff  to  help  you  solve 


Multicarrier  Commimication 

To  COVER  large  geographic  areas  at 
100  me  for  police  and  fire  services, 
diversity  amplitude-modulated  trans¬ 
mission  is  used  in  England.*  Several 
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Wilmotte  Visi-Limit 
Electronic  Micrometer 


MEASURING 
HI 


OSCILLOSCOPE 


An  important  advance  in  the  field 
of  iiieasiirement.  Manufactured  for 
direct  installation  on  the  produc¬ 
tion  line  for  continuous  indication 
of  outside  diameter  of  wire,  tubing 
or  rod,  edge-to-edge  dimensions 
on  machined  or  extruded  parts, 
strip  stock,  thickness  of  sheets. 

Size  range  of  standard  unit  is 
.005"  to  .600"  in  diameter.  Items 
of  other  sizes  can  be  accepted 
through  special  design.  Tolerance 
limits  are  +  or  —  .0002"  without 


physical  contact  with  the  part  be¬ 
ing  measured.  No  limitations  of 
speed  of  operation  are  imposed, 
nor  are  there  any  inaccuracies  due 
to  deformation  of  the  part. 

The  “scope”  screen  presents,  as 
three  parallel  lines,  tne  desired 
tolerance  requirements  (A  and  C) 
with  the  measured  quantity  (B). 
No  error  is  introduced  by  line 
voltage  fluctuations  or  circuit 
changes  since  all  three  traces 
maintain  their  relative  positions. 


Model  P  56 


o  o 


HI-LIMIT 

APERTURE 


•PHOTOCELL  PICK  UP 
VACUUM  TYPE 


TEST 

APERTURE 


AMPLIFIER 

FOR 

VERT.  PLATES 


LIGHT 

-SOURCE 


'-LO-LIMIT 

APERTURE 


VERTICAL 

PLATES 


HORIZONTAL 

PLATES 


scanning 

DISK 


SYNCHRONIZING  NETWORK 
AND 

HORIZONTAL  PLATES  AMP. 


Wilmotte  “Visi-Limit”  Curve  Tracer 


Model  P  52 


For  rapid  alignment  of  l.F.  coils 
of  frequencies  from  85  kc  to  11 
me.  Operator  adjusts  test  trace 
(B)  to  fall  between  traces  of 
limit  coils  (A  and  C),  set  up 
to  production  specifications. 
Defective  coils  immediately 
detected.  All  error  is  eliminated 
as  circuit  changes  or  line  voltage 


We  Look  Forward 

to  the  forthcoming  exposition  conducted  by  the 

INSTRUMENTS  SOCIETY  OF  AMERICA 

at  which  we  shall  have  the  pleasure  of  meeting  you  and  demonstrat¬ 
ing  these  industrial  electronic  devices. 


variations  affect  all  three  traces 
equally. 

Standard  equipment  includes 
one  plug-in  oscillator  assembly  at 
frequency  specified  by  purchaser, 
and  jigs  for  limit  and  test  coils 
having  “pig  tail”  leads.  Jigs  for 
special  applications  furnished 
to  purchaser's  specifications. 


William  Penn  Hotel 

Pin$BURGH,  PA 
SEPT,  16-20,  1946 
BOOTH  No.  65 


WILMOTTE  MANUFACTURING  COMPANY 

1713  KALORAMA  ROAD,  N.  W. 

WASHINGTON  9.  D.  C. 

Laboratories  —  RAYMOND  m.  wilmotte  inc.,  new  york,  236  w.  5St«  st.- Washington.  t469  church  st. 
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MULTICARRIER  COMMUNICATION 


transmitters  are  located  throughout 
the  area  to  be  covered.  Extiemelv 
good  penetration  of  streets,  vallevs 
and  even  tunnels  is  obtained.  The 
several  transmitters  operate  on  ad¬ 
jacent  carrier  frequencies  spaced 
widely  enough  to  prevent  audible 
beats  between  carriers  yet  closely 
enough  spaced  to  be  accepted  at  one 
setting  of  the  wideband  receiver. 

Preference  for  A-m  Over  F-m 
The  system  consists  of  a  control 
point,  which  can  be  at  or  away  from 
the  actual  control  office,  and  several 
satellite  stations  as  shown  in  Fig.  i. 
The  problems  of  synchronizing  the 


satellite 
Itmms-MECOvE 
i  ma  I 


COMTMOL 


WOSiLE 


satellite 

TA*«-»£CEjil£ 


Fiq.  1 — Multicarrier  diversity  transmission 
system  provides  wide  coverage  at  unilorm 
signal  strength 


several  transmitted  carriers  are  too 
complex  to  justify  trying  to  do  so. 
Even  if  the  carriers 


were  in  syn¬ 
chronism  at  their  respective  trans¬ 
mitting  antennas,  they  would  not  be 
in  synchronism  at  the  receiving  an¬ 
tenna  located  nearer  one  transmitter 
than  the  other.  Therefore  the  sys¬ 
tem  was  designed  to  operate  on  mul¬ 
tiple  carriers. 

To  eliminate  the  necessity  of  re¬ 
turning  to  the  strongest  carrier  at 
any  position  as  a  patrol  car  moved 
about,  the  receiver  was  designed  to 
accept  all  transmitted  carriers.  Un¬ 
der  this  condition  all  carriers  are 
simultaneously  present  in  the  re¬ 
ceiver.  If  frequency  modulation  were 
used,  distortion  would  be  introduced 
by  interaction  of  the  unharmonicly 
related  sidebands  and  differences  in 
path  lengths.  Field  tests  further  in¬ 
dicated  that  the  area  of  no-capture 
was  large  and  variable.*  Amplitude- 
modulated  carriers  introduced  none 
of  these  difficulties.  Only  a  high- 
order  heterodyne  between  differences 
in  carrier  frequencies  was  noticed  on 
a  three-station  system. 

For  these  reasons,  the  multicar¬ 
rier  amplitude-modulation  system 
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AOD  RESISTANa 


HUT  RESBTANa 


much  is  insulation  worth 


It's  worth  plenty,  if  efficient,  de- 
l>endable  operation  of  electrical 
i*quipment  is  important  to  your 
business — if  moisture,  oil,  heat, 
overload,  corrosive  acids  and  va¬ 
pors  and  human  carelessness  or 
inexperience  represent  hazards  that 
can  throw  expensive  machinerj^ 
out  of  service  or  cause  costly  delays. 

Fortunately,  the  cost  of  added 
protection  against  the  penalties 
frequently  imposed  by  these  con¬ 
ditions  is  slight — far  less  than  the 
penalty  imposed  by  failures  that 
can  be  avoided.  For  the  advantages 
of  High-Safety-Factor  Insulation 
can  be  added  at  only  a  small  frac¬ 
tion  of  the  cost  of  the  equipment. 

That’s  why  the  swing  is  to  Fiber- 
glas  Electrical  Insulation  Materials 
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— why  so  many  engineers,  produc¬ 
tion  executives  and  maintenance 
men  are  insisting  on  Fiberglas  In¬ 
sulation  for  the  equipment  they  buy 
and  for  their  maintenance  work. 

Gret  complete  information  about 
this  better  electrical  insulation 
material — write  for  your  copy  of 


the  folder  “Are  your  motors  a  good 
insurance  risk?”  The  names  of  the 
Distributors  serving  your  locality 
will  also  be  furnished,  if  you  desire. 
Owens-Corning  Fiberglas  Corpora¬ 
tion,  Department  S60,  Toledo  1, 
Ohio.  Branches  in  principal  cities. 

In  Caniiiia:  hhtrflas  (  .tnnit  f't  .  Omann 


OWENS-CORNING 

Fiberglas 


Fib«rglai  is  th*  trad*  naiiM  for  that*  •l•ctrical  insulation  mat*rials  and  many 
oth*r  products  mad*  from  fin*,  strong,  pliabi*,  nrtoistur*  and  hoot-rosistant. 
ag*l*st  glass  Abort. 
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was  used  in  such  installations  as  that 
in  greater  London.  The  bandwidth 
that  would  have  been  required  for  a 
wideband  frequency-modulation  sys- 
tern  was  utilized  for  a  multicarrier 
amplitude  system.  The  signal  to  noise 
ratio  that  could  have  been  obtained 
by  a  single  high  powered  frequency 
modulation  station  was  obtained  in 
the  same  bandwidth  by  using  several 
geographically  spaced,  low  powered 
stations  on  adjacent  carriers. 

Field  tests  conducted  elsewhere 
some  years  ago*  indicate  that  by  us¬ 
ing  frequency  modulation  and  geo¬ 
graphically  distributed  transmitters, 
a  wide  area  could  be  covered.  Re¬ 
gions  of  no-capture  were  negligible; 
signal  to  noise  ratio  was  high. 


900,000  rtmiTia/e 
tv&^LUOCAnoMron 


(1)  Multi-Carrier  Communication  System 
Wireless  World,  Feb.  1940,  p.  59. 

(2)  A  Blethod  of  Increasing  the  Ranee  of 
V.  H.  F.  Communication  Systems  by  Multi- 
Carrier  Amplitude  Motlulntion  by  J.  It.  Brink- 
ley.  The  Inst  of  Elect  Eng  (British),  to  be 
published. 

(3)  Field  Tests  of  Frequency-and-Ampli- 
tude-Modulation  with  Ultrahigh-freqiiency 
Waves  by  I.  R.  Weir,  Qen  Elec  tier,  Part  I, 
May  1939,  p.  188,  Part  II,  June  1939,  p.  270 


FOR  "IONOSPHERIC"  LOW  ABSOLUTE 
PRESSURES  IN  YOUR  OWN  PLANT  USE 

KINNEY  VACUUM  PUMPS 


Electrophoresis 

Fractionation  of  human  blood,  both 
to  determine  its  content  and  to  ob¬ 
tain  essential  biologicals  for  medical 
use,  is  followed  by  an  analysis  of 
each  byproduct  for  its  purity.  These 
protein  mixtures  cannot  be  chem¬ 
ically  analyzed  because  under  such 
treatment  they  break  down  and  lose 
their  identity.  Instead,  a  technique 
invented  by  Arne  Tiselius,  in  which 
the  molecules  of  protein  are  nega¬ 
tively  charged  and  made  to  migrate 


The  extremely  low  pressures  provided  by  Kinney  High  Vacuum 
Pumps,  combined  with  their  fast  pumping  speed,  make  them 
the  ideal  equipment  for  exhausting  lamps  and  tubes,  sintering 
alloy  metals,  coating  lenses,  dehydrating  and  degasifying 
refrigerator  oil,  producing  penicillin  and  aiding  many  other 
modern  processes.  Thousands  of  Kinney  Pumps  are  creating 
and  maintaining  low  absolute  pressures  year  after  year,  giv¬ 
ing  dependable,  continuous  service  in  vacuum  processing. 
Write  for  Bulletin  V45. 


Kinney  Compound  Vacuum  Pump, 
illustrated,  maintains  low  absolute 
pressures  to  0.5  micron;  Kinney 
Single  Stage  Vacuum  Pump  to  10 
microns  or  better. 


KINNEY 

MANUFACTURING  CO 


3565  WASHINGTON  ST.,  BOSTON  30,  MASS. 

NEW  YORK  •  CHICAGO  •  PHILADELPHIA  •  LOS  ANGELES  •  SAN  FRANCISCO 

FOREIGN  REPRESENTATIVES 

Gtncral  Enginaaring  Co.  (Radcliffa)  Ltd.,  Station  Works,  Bury  Road,  Radcliffa,  Lancashira,  England 
Horrocks,  Roxburgh  Pty.,  Ltd.,  Malbourna,  C.  I.  Australia 
W.  S.  Thomas  A  Taylor  Pty.  Ltd.,  Johannasburg,  Union  of  South  Africa 

WE  ALSO  MANUFACTURE  LIQUID  PUMPS.  CLUTCHES  AND  BITUMINOUS  DISTRIBUTORS 


Fig.  I — Proteins  are  separated  from  one 
another  by  their  differential  migration  in 
an  electric  field 
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IVm  nt  MS~92A 


Desired  signals  from  the  attenuation  network 
are  returned  to  original  level  by  use  of  an  amplifier 
inside  the  box.  This  amplifier,  which  also  serves 
as  interphone  amplifier,  uses  a  type  28D7  tube 
with  filament  and  plates  operating  entirely  from 
28  v.d.c.  A  front  panel  masking  plate  may  be 
engraved  per  customer’s  order,  permitting  un¬ 
limited  flexibility  in  use  of  the  jack  box  with  any 
desired  complement  of  receiving  or  transmitting 
equipment.  The  MS-92  A  Jack  Box  is  fully  ap¬ 
proved  by  the  CAA  for  scheduled  air  carrier 
aircraft  installation. 

BENDIX  RADIO  DIVISION  •  TOWSON  4,  MARYUND 


Eliminate  multiple  audio  outputs  from 
receivers  —  eliminate  separate  inter¬ 
phone  amplifiers.  Flight  engineered  to 
Bendix  Radio’s  rigid  performance  requirements, 
the  MS-92  A  is  a  new  type  of  audio  selector  jack 
box  having  an  attenuation  network  which  reduces 
coupling  between  a  multiplicity  of  selected  receivers. 


It  permits  simultaneous  reception  of  a  variety  of 
receivers  by  a  number  of  crew  members  without 
interference  due  to  audio  coupling  between  the 
receivers — multiple  audio  outputs  from  each 
receiver  no  longer  required. 
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ELECTROPHORESIS 


(confined) 


in  an  electric  field,  is  used  to  separate 
the  different  proteins  in  the  mixture. 
To  obtain  the  necessary  constant 
electric  potential,  an  electronically 
regulated  power  supply  is  used.  The 
process  is  called  electrophoresis. 

Electrophoretic  Photography 

A  sample  of  protein  whose  puritv 
is  to  be  determined  is  loaded  in  solu¬ 
tion  into  the  U-shaped  tube  of  Fig.  i. 
An  electronically  regulated  constant 
potential  is  applied  across  the  two 
electrodes  in  the  outer  vessels.  Un¬ 
der  this  potential  the  molecules  of 
protein  are  charged  negatively  and 
then  made  to  migrate  toward  the 
positive  pole.  The  whole  assembly 
is  immersed  in  a  temperature-con¬ 
trolled  bath  at  0.7  C.  Because  of  the 
differences  in  charge  and  mass  be¬ 
tween  protein  ions,  they  migrate  at 
different  rates  toward  the  positive 
pole.  In  this  way  the  proteins  are 
separated  in  about  four  hours. 

Monochromatic  light  is  projected 
through  an  optical  system  including 
a  slit  and  the  U-tube  and  focused  im¬ 
mediately  in  front  of  the  object  lens 
of  a  camera.  Due  to  the  different  in¬ 
dices  of  refraction  of  the  different 
proteins,  a  chart  indicating  the  pro- 


MilLIAI 


CfRAMIC  POINTfR  STOPS 


CONTROL  SPRINGS 


BALANCt 

WtIGHTS 


MAGNETIC 

SHUNT 


EXTRA  LARGE 
CLEARANCE  SPACE 
fOR  MOVING  COIL 


CORE  PIECE 


LOWER  JEWEL  SUPPORT 


PRECISION  MACHINED  I 
POLE  PIECES 

1.  MAGNETS  OF  ALNICO.  the  most  stable  magnetic  material  available,  are  used  in 
all  DC  instruments. 

2.  LARGE  CLEARANCES,  between  core,  moving  coil,  and  magnet  pole  pieces  assures 
ireedom  of  movement  by  eliminating  sticking  due  to  moving  element  rubbing  on 
adjacent  ports. 

3.  JEWEL  SUPPORTS  are  machined  and  assembled  with  aid  ol  precision  gauging  fix¬ 
tures  to  maintoin  perfect  alignment. 

4.  CONTROL  SPRINGS  ore  fabricated  from  the  highest  quolity  phosphor  bronze. 

5.  CERAMIC  POINTER  STOPS  are  used  to  prevent  damage  to  the  'pointer  due  to 
accidental  application  of  sudden  overloads. 

€.  BALANCE  WEIGHTS  of  helical  type  phosphor  bronze  are  used  to  balance  the 
moving  element,  so  formed  as  to  eliminate  slipping  or  shifting. 

7.  MAGNETIC  SHUNT  is  standard  equipment  on  each  DC  instrument,  insuring  uniform 
dumping  characteristics. 

All  ranges  AC  and  DC  are  orcriloble  in  2l/i".  Syz",  4V2''  sizes,  both  rectangular  and 

round  case  styles.  Inquiries  for  complete  information  and  engineering  service  are 

solicited. 


Fig.  2 — Research  technique  is  done  on  a 
production  basis  using  an  electronically 
regulated  voltage  source  to  maintain  the 
same  accuracy  as  under  laboratory 
conditions 


quantitative  analysis  of 


portional 

the  sample  is  produced  when  the  film 
and  a  shutter  in  front  of  the  camera 
are  moved  in  synchronism.  Cutter 
laboratories  are  using  this  research 
technique  on  a  production  basis. 
Their  setup  is  shown  in  Fig.  2.  The 
long  barrel  of  the  camera  has  been 


BURLINGTON  INSTRUMENT  COMPANY 

112  Fourth  Street  •  BURLINGTON,  IOWA 
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TO  FEDERAL'S  NEW  MINIATURE  SELENIUM  RECTIFIER 


1\1  OW  being  used  in  radio  receivers,  voltage  multi- 
■A.  ^  pliers,  speech  amplifiers,  PA  systems,  electronic 
organs,  business  machines  —  wherever  a  low-voltage 
low-current  d-c  source  is  required  —  replacing  type 
117Z6-117Z3  and  other  rectifier  tubes. 

The  “landslide”  of  orders  which  followed  the  announce¬ 
ment  of  this  new  rectifier  means  just  one  thing  — 
another  outstanding  contribution  which  fills  a  great 
need  in  the  electronic  industry.  Now,  in  hundreds  of 
applications,  this  5 -plate  rectifier  stack  is  proving  its 
value  —  in  money  saved,  reduced  assembly  time,  new 
space  savings,  longer  life,  instant  starting.  It  measures 
only  IH  \  X  H  inches,  and  will  go  into  restricted 
spaces  where  a  tube  and  socket  won’t  fit.  ^ 

Though  miniature  in  size,  this  rectifier  em-  m 

bodies  “full-scale”  quality  throughout,  with  f| 

Center-Contact  construction  and  all  of  the  ‘ f 

other  features  which  have  made  Federal  / 
Selenium  Rectifiers  the  standard  of  quality  in 
the  industry.  They’re  available  now  —  in 
quantity.  Write  to  department F5 13  for  prices 
and  data. 

CHARACTERISTICS! 

Type  403D2625  Rectifier 

Maximum  RMS  Voltage . . .  < 

Maximum  Inverse  Voltage . 

Maximum  Peak  Current . . . 

Maximum  RMS  Current . . . 

Maximum  DC  Output . 

Approximate  Rectifier  Drop 


130  volts 
380  volts 
1200  ma. 
325  ma. 
100  ma. 

5  volts 
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Linking  Function  to  Design 


ELECTROPHORESIS  (continual) 

removed  from  the  hole  in  the  black 
mask  on  the  box.  The  final  reduction 
of  data  is  done  with  a  planimeter. 


Patents 

Magnetrons  in  superregenerative 
receiver  circuits  were  described  by 
Maurice  Ponte  of  Paris,  France 
(U.  S,  patent  2,045,995  issued  June 
30,  1936)  and  by  Ernst  Gerhard, 
Germany  (U.  S.  patent  2,230,108 
issued  Jan.  28,  1941).  Although  var¬ 
ious  circuit  modifications  are  pro¬ 
posed,  the  superregenerative  de¬ 
tectors  use  magnetrons  in  either  self¬ 
quenching  detecting  oscillators  or  in 
externally  quenched  oscillators.  Ger¬ 
hard  found  sharp  peaked  pulses  ap¬ 
plied  in  magnetron  plate  circuit  to 
provide  the  best  shape  for  the  inter¬ 
rupting  voltage. 


Rectifier  Wave-Form  Control 
By  Gerhard  B.  Hagen 

Telefunken  Oe$€ll»chaft  fur  Drahtlo%t 
Telegrafthie  m.  o.  H. 

Patented  July  t,  19SS,  No.  9,006,808 

To  PRODUCE  a  rectified  wave  that  can 
more  readily  be  filtered  for  the  pro¬ 
duction  of  a  direct  current  the  cir- 


ii^VER  28  YEARS 


ability  of  Leach  products,  make  it 
possible  for  us  to  offer  the  most 
complete  line  of  control  Relays 
ever  produced  at  Leach. 

A  large  variety  of  Relay  types  are 
listed  in  our  new  40-page  catalog 
— just  published.  Contact  load  rat¬ 
ings  range  from  fractional  to  30 
Amperes.  Write  for  your  copy 
today.  Leach  assures 


Long  ago  designers  who  insiste^d 
on  dependable  components  adapted 
Leach  Relays  into  their  circuits. 
Today — more  and  more  engineers 
are  specifying  Leach  Relays,  and 
are  submitting  their  Relay  prob¬ 
lems  to  us. 

As  a  result,  daily  output  is  ahead 
of  previous  peace-time  schedules. 
Our  greatly  expanded  plant  facili¬ 
ties,  plus  the  recognized  depend¬ 


BETTER  CONTROIS  THROUGH  BETTER  RELAYS 


Fig.  1 — Electronic  control  of  the  rectifiers 
provides  some  filtering 


cuit  of  Fig.  1  was  developed.  Va 
cuum  triodes  are  used  in  place  of 
diodes.  The  phase  shifter  composed 
of  series  RLC  tuned  to  potential 
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LET  BENTLEY,  HARRIS  WAR-TIME  RESEARCH  PAY  DIVIDENDS  FOR  YOU  TODAY, 


Finding  an  insulation  that  could  stand  direct 
contact  with  flame  .  .  .  that  would  remain 
flexible  as  string  and  non-fraying  .  .  .  that  would 
not  react  to  heat  conducted  through  wire  —  these 
were  the  electrical  insulation  problems  posed  by 
Radar.  Here  is  a  report  from  a  Radar  laboratory 
that  put  their  problem  up  to  Bentley,  Harris: 

"We  use  BH  Fiberglas  Sleeving  in  termination 
of  wires  and  coaxial  cables.  The  sleeving  is  put 
between  the  outside  braid  and  the  dielectric,  . 
allowing  wire  to  be  soldered  to  the  braid  witboidb;:^' 
damaging  the  dielectric.  Previously  e^f^ 


perienced  considerable  difficulty  due  to  the  melt¬ 
ing  of  the  dielectric,  but  BH  Fiberglas  Sleeving 
was  a  dc*cided  improvement.” 

Test  BH  Fiberglas  Sleeving  in  your  own  plant, 
in  your  own  product  —  under  actual  service  con¬ 
ditions.  Compare  it  with  ordinary  saturated  sleev¬ 
ing.  Learn  why  America’s  leading  makers  of  home 
appliances,  radios  and  industrial  equipment  have 
jUndardized  on  BH  Fiberglas  Sleevings  in  their 
-"plans  for  post-war  production. 

teNTLEY,  Harris  Mf^Xo.,  Conshohocken,  Pa. 


*BH  Non-Fraying  Fiberglas  Sleevings  are  made  by  an  exclusive  Bentley,  Harris  process  (U.  S.  Pat.  No.  2393530).  “Fiberglas”  is  Reg.  TM  of  Owens-Coming  Fiberglas  Corp. 

- USE  COUPON  NOW - 

Bentley,  Harris  Mfg.  Co.,  Dept.  E-2,  Conshohocken,  Pa. 

Send  samples  and  quote  prices  on  the  following  BH  Products: 

Q  Non-fraying  Fiberglas  Sleeving;  □  Magneto  Fiberglas  Tubing;  □  Magneto  Varnished  Tubing; 

Q  Flexible  Varnished  Tubing;  □  Saturated  Sleeving. 

■^AME _  _ COMPANY _ - _ 


address 
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High  Strength, 
Self-plugging  type 
Cherry  Blind  Rivet 


The  New 


CHERRY  G-55 


GUN 


Tight  clinching. 
Pull-through 
Hollow  type 
Cherry  Blind  Rivet 


CHEMIIT  RIVETS.  THEI*  MANUFACTURE  R  APPIICATION  ARE  COVERED  BYU.S.  PATENTS  ISSUED  R  PENDING 


“A  CHERRY  BLIND  RIVET  for  every  job  ...  A  Cherry  Rivet 
Gun  for  every  need."  The  Cherry  line  of  blind  rivets  and  in¬ 
stallation  tools  was  conceived  around  this  idea.  And  the  idea 
continues  to  expand. 


CHERRY  BLIND  RIVETS  are  available  in  aluminum,  steel, 
brass  and  Monel. 


For  more  information  regarding  Cherry  G-55  Hand  Gun,  and  other  Cherry 
Rivet  products,  write  to  Dept.  J-120,  Cherry  Rivet  Company,  231  Winston 
Street,  Los  Angeles  13,  Calif. 


THE  NEW  G-55  HAND  GUN  was  designed  especially  for 
small-quantity  users  of  the  larger  sizes  (7/32",  V/',  9/32") 
of  Cherry  Blind  Rivets.  (Used  with  an  adapter,  it  also  installs 
the  smaller  rivets.)  The  more  expensive  pneumatic  guns  are 
primarily  production  line  tools.  But  for  small-quantity  rivet 
installation,  or  for  field  work  where  air  pressure  is  not  avail¬ 
able,  the  hand  gun  is  perfect.  The  relatively  inexpensive 
G-55  Hand  Gun  is  light  weight  and  easy  to  handle. 


PATENTS 


(conti 


nutd] 


resonance  with  the  working  wave 
feeds  the  grids  with  a  potential 
shifted  90  degrees  from  the  plate 
potential. 

Figure  2  illustrates  the  behavior 
of  the  circuit.  Curve  A  is  the  cur¬ 
rent  delivered  by  a  conventional  va¬ 
cuum  diode,  full-wave  rectifier.  In 
the  circuit  described  in  this  patent 
the  grid  potential,  shown  by  curve  C 


Fig.  2— Comparison  oi  ihe  wav  3  shapes 
produced  by  conventional  and  wave-ionn 
control’ed  rectifiers  shows  closer  approach 
to  d-c  in  the  output  of  the  latter 


reduces  the  peaks  of  the  plate  cur¬ 
rent  giving  an  output  with  a  flat¬ 
tened  top  as  shown  by  curve  B.  This 
wave  shape  is  more  readily  filtered 
than  that  shown  by  curve  A. 

To  obtain  the  same  average  out¬ 
put  by  this  method  the  transformer 
may  have  to  be  designed  to  supply  a 
higher  plate  potential.  The  time 
constant  of  the  filter  can  be  reduced 
from  slightly  less  than  a  half  period 
to  about  a  quarter  period. 


Amusement  device  for  registering 
ones  emotions  employs  a  bridge  in 
which  one  arm  is  the  plate  resistance 
of  a  pentode,  controlled  by  the  tube’s 
grid  which  is  connected  to  the  cath¬ 
ode  by  a  path  including  “spaced 
points  on  the  surface  of  the  sub¬ 
ject”  and  a  polarizing  potential 
(U.  S.  Patent  2,379,955,  Wolgen  Co.). 


Patent  registration  and  classifica¬ 
tion  —  Commissioner  Ooms  an¬ 
nounced  that  owners  have  registered 
for  license  or  sale  over  10,000  pat¬ 
ents,  inquiries  concerning  approxi¬ 
mately  50  percent  of  them  have  been 
made  to  owners — changes  and  addi¬ 
tions  in  the  manual  of  patent  classifi¬ 
cation  are  listed  in  the  April  2,  1046 
Official  Gazette — FarnsTvorth  Televi¬ 
sion  &  Radio  Corp.,  Fort  Wayne  1, 
Ind.  is  offering  under  standard  terms 
licenses  on  all  patents  that  it  owns  or 
controls. 
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77je  piitiiiiei  derelopnient  of  'Hooiw  'K<icnimi 
Cleaners  and  Durez  phenolics  points  up  an  eia 
ui  lohich  household  appluinces  and  plashes 
have  proifiessed  toifether.  .and  I iifhlcned  further 
the  lahot  of  hou'>eheepintf. 

For  many  years,  the  Hoover  Vacuum 
Cleaner  Company  has  recognized  the 
unusual  value  of  Durez  phenolic  plas¬ 
tics  as  a  material  for  vacuum  cleaner 
housings,  functional  parts  and  acces¬ 
sories.  In  fact,  H.  Earl  Hoover  once 
stated:  "The  special  Durez  plastics 
used  for  certain  (Hoover  Vacuum 
Qeaner)  parts  not  only  help  reduce 
weight,  they  also  add  smart,  modem 
contours,  a  lustrous  scratch-proof  fin¬ 
ish.  And  because  they’re  self-insula¬ 
ting,  they  simplify  our  design  and  as¬ 
sembly." 


Durez  Versatile 

Non-resonance,  impact  strength,  heat 
resistance,  and  dielectric  strength  .  .  . 
these  are  among  the  other  character¬ 
istics  of  Durez  phenolic  molding 
compounds  which  gave  development 
engineers  the  necessary  freedom,  in 
designing  the  vacuum  cleaner  to  its 
present  state  of  efficiency.  Of  utmost 
significance,  however,  has  been  our 
success  in  perfecting  more  than  300 
modifications  of  a  plastics  material 
whose  versatility  has  been  recognized 


for  years.  A  finer  appliance  than  ever 
before,  the  Hoover  of  today  uses  more 
molded  Durez  than  ever  before. 

About  Your  Problem 

Perhaps  you  have  a  plastics  material 
problem.  If  so,  we  urge  you  to  consult 
your  custom  molder.  New  methods  of 
preheating,  molding  and  finishing 
greatly  extend  the  advantages  of  his 
service. 

Remember,  too,  the  competent  counsel 
of  experienced  Durez  technicians  plus 
a  wealth  of  proved  product  develop¬ 
ment  data  is  available  for  the  asking. 

Write  to;  Durez  Plastics  &  Chemicals, 
Inc.,  .89  Walck  Road.,  N.  Tonawanda, 
N.Y.  export  Jgents:  Omni  Products  Cor¬ 
poration.  40  F..  J4th  St .  Nett’  Tork  i6,  N.  T. 
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PLASTICS  THAT  FIT  THE  JOB 


an  output  level  53  db  below  1  volt 
dyne/cm*  on  open  circuit.  It  ig 
available  in  50,  250,  500,  or  25,000 
ohms.  Model  731  has  a  flat  response 
from  30  to  12,000  cycles  and  the 
Model  726  is  substantially  flat  from 
40  to  10,000  cycles.  It  is  fully  de¬ 
scribed  in  Bulletin  131. 


NEW  PRODUCTS 


Edited  by  A.  A.  McKENZIE 


Latest  developments  in  new  apparatus, 
components,  materials.  New  literature 


Film-type  Resititorg 

WiLKOR  Products,  Inc.,  3835  w. 
150th  St.,  Cleveland  11,  Ohio.  One- 
watt  and  two-watt  film  resistors 
having  a  resistance  range  of  10 


Dictating  Machine 

Ellinwood  Industries,  150  W. 
Slauson  Ave.,  Los  Angeles  3,  Calif. 
A  new  dictating  machine  uses  thin 
discs  from  which  errors  can  be 
erased.  The  discs  are  so  inexpensive 
that  they  are  discarded  instead  of 
regrooving.  The  machine  weighs 
only  8  pounds  and  measures 
X  6  X  7  inches. 


lected  for  the  service  desired.  Gain 
measured  from  the  high  impedance 
input  is  85  db,  and  is  somewhat  less 
using  transformer  input.  Bass  com¬ 
pensation  ranges  from  minus  17  to 
plus  24  db  and  treble  from  minus  24 
to  plus  24  db.  The  seven  tubes  used 
consume  144  w^atts.  The  metal  cabi¬ 
net  measures  7  X  8i  x  15  and  the 
shipping  weight  is  26  pounds. 


Electronic  Micrometer 

Carson  Micrometer  Corp.,  28  Edi¬ 
son  Place,  Newark  2,  N.  J.  Several 
models  are  available  in  a  line  of 
micrometers  that  electronically 


ohms  to  35  megohms  and  10  ohm!< 
to  100  megohms  at  1-percent  ac¬ 
curacy  are  available  in  sizes  I-inch 
by  J  inch  or  2  inches  respectively. 


Copper-oxide  Recti fierg 

Bradley  Laboratories,  Inc.,  82 
Meadow  St.,  New  Haven,  Conn. 
New  Coprox  battery  rectifiers  rated 
for  2,  3  and  4i  volts  d-c  output  for 
currents  up  to  li  amperes  are  now 
available.  Various  models  in  differ¬ 
ent  sizes  and  shapes  are  designed  to 
combat  aging. 


Sixty-cycle  Filter 

Freed  Transformer  Co.,  Inc.,  72-78 
Spring  St.,  New  York  12,  N.  Y.  The 
type  1050  instrument  is  essentially  a 
pure  60-cps  source  to  be  used  for  the 
calibration  of  instruments  in  which 
form  factor  is  important.  It  consists 
of  a  constant-voltage  transformer,  a 


Cardioid  Microphone 

Electro- Voice,  Inc.,  1239  South 
Bend  Ave.,  South  Bend  24,  Indiana. 
The  new  Cardyne  microphone  has 


measure  the  instant  of  contact  be¬ 
tween  a  calibrated  lead  screw  and 
the  material  being  gaged  without 
exerting  pressure.  The  units  are 
operated  from  any  a-c  outlet. 


Phonograph  Amplifier 

Newcomb  Audio  Products,  Los  An¬ 
geles,  Calif.  The  KXP-30  amplifier 
supplies  30  watts  of  audio  power  at 
less  than  5  percent  distortion  and  has 
a  frequency  response  from  20  to  20,- 
000  cps  within  1  db.  The  crystal 
pickup  input  has  an  impedance  of 
1  megohm,  another  input  channel 
utilizes  plug-in  transformers  se- 


variac,  a  60-cps  low-pass  filter,  a  de¬ 
cade  attenuator,  and  a  1-percent  a-c 
voltmeter.  Voltages  in  1-volt  incre¬ 
ments  from  0  to  110  volts  with  less 
than  0.5  percent  harmonic  distortion 
are  thus  available  for  calibration 
purposes.  Power  supply  for  the  unit 
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ALTEC 


Sliced 


For  those  who  want  a  moderate  priced  speaker  that  can  provide 
true  high  quality  performance.  Here  it  is— a  superb  speaker  that’s 
surpassed  only  by  the  famous  Altec  Lansing  Duplex.  Specially  de¬ 
signed  for  limited  budgets  — Model  603  assures  high  frequency 
distribution,  frequency  response  and  undistorted  reception  ex¬ 
pected  of  much  higher  priced  systems.  Learn  more  about  the  603. 


MODEL  603— Multicell  DIa  Cone  speakers  Incorporate  a  metal  high  frequency 
diaphragm  and  a  15"  low  frequency  cone  coupled  by  a  mechanical  dividing  net¬ 
work  to  a  3"  Voice  coil  of  edgewise  wound  aluminum  ribbon.  Write  for  other  details. 
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operates  on  106  to  126  volts,  60  cps. 
Overall  dimensions  of  the  equipment 
in  its  metal  cabinet  are  lOi  X  14J  x 
22  inches.  Weijrht  is  75  pounds. 


, .  ,  Continuous  Tape  Recorder 

*4 

Miles  Reproducer  Co.,  812  Broad- 
way,  New  York,  N.  Y.  The  Film, 
graph  model  FR  uses  a  continuous 
loop  of  plastic  tape  that  carries  a 
to  allow  up  to  3 
hours  Move- 

ment  of  the  stylus  from  one  groove 

,  ,  -  ,  .  1  .  j.  to  the  next  unused  channel  is  accom- 

display  of  four  separate  signal  indi¬ 
cations  on  a  five-inch  screen.  De-  ,  ' 

flection  plates  are  brought  out  to  .  '  « 

sixteen  separate  terminals.  A  j 
twenty-seven-pin  special  base  " 

used.  The  screen  can  be  supplied  in  .  p 

various  types  of  phosphors.  Overall  t 

length  of  the  tube  is  181  inches.  I 


Traveling  Wave  Tube 

Bell  Telephone  Laboratories,  463 
West  St.,  New  York  14,  N.  Y.  A 
new  tube  recently  developed  will  be 
suitable  for  high-gain  amplification 
in  television  and  other  w’ide-band 
applications.  A  power  gain  of  10,- 
000  times  over  a  band  width  of  800 


Coil  Testers 

General  Electric  Co.,  Schenec¬ 
tady,  N.  Y.  High-speed  testing  of 
electric  coils  can  be  accomplished 
using  one  of  two  new  coil  testers. 
A  low’^-voltage  tester  shows  the  pres- 


plished  automatically.  A  dial  indi¬ 
cates  the  position  of  the  recording 
stylus  with  respect  to  the  grooves  so 
that  a  log  of  recordings  allows  in¬ 
stant  selection  of  the  desired  por¬ 
tion.  The  unit  operates  from  any 
100-volt,  60-cps  line,  measures  11  1  x 
9i  X  13  inches  and  weighs  24  pounds. 


Elapsed-tiiiie  Indicator 

Marion  Electrical  Instrument 
Co.,  Manchester,  N.  H.  The  Model 
HM3  elapsed-time  indicator  oper- 


megacycles  is  typical  of  the  device. 
The  tube  is  a  foot  long  and  a  few 
inches  in  diameter.  Its  amplifying 
property  results  from  the  transfer 
of  energy  from  an  electron  stream 
to  a  wave  moving  on  a  helix  sur¬ 
rounding  the  stream. 


ence  of  short-circuited  turns.  The 
high-voltage  unit  indicates  the  in¬ 
duced  volts  per  turn  and  faulty  coils 
that  break  down  under  test.  Addi¬ 
tional  details  are  given  in  bulletin 
GEA  4539. 


TOTAL  HOURS 


Ground  Station  Receiver 

Bendix  Radio,  Baltimore  4,  Md.  The 
MR-71B  receiver  is  a  single-channel, 
crystal  -  controlled  fixed  -  frequency 
unit  providing  radiophone  reception 
on  frequencies  between  118  and  132 
megacycles.  Operating  on  117-volt, 
50-  to  60-cps  lines,  it  has  a  power  con¬ 
sumption  of  about  130  volt-amperes. 
Sensitivity  and  frequency  response 
of  the  rack-mounted  equipment  make 
it  suitable  for  airways  monitoring. 


tq  CTCits 


Multivoltmeter 

Rawson  Electrical  Instrument 
Co.,  110  Potter  St.,  Cambridge  42, 
Mass.  The  type  501F  has  a  resistance 
of  10,000  ohms  per  volt  and  measures 
from  1  millivolt  up  to  1,000  volts  full 
scale.  Readings  are  guaranteed  to  be 
within  0.5  percent  of  full-scale  read¬ 
ing  for  all  ranges.  The  type  501G 
meter  measures  up  to  100  volts  but 
has  a  resistance  of  100,000  ohms  per 
volt.  Net  prices  are  respectively  $160 
and  $155,  fob  Cambridge. 


ates  on  115  volts  60  cycles  to  indi¬ 
cate  time  from  zero  to  9,999.9  hours. 
The  meter  is  hermetically  sealed. 


Four-gun  Cathode-ray  Tube 

Electronic  Tube  Corp.,  1200  East 
Mermaid  Ave.,  Chestnut  Hill,  Phila¬ 
delphia  18,  Pa.  The  newly  developed 
ET-5Z4P7  cathode-ray  tube  is  avail¬ 
able  for  applications  requiring  the 


Shipboard  Radar 

Radiomarine  Corp.  of  America,  75 
Varick  St.,  New  York  13,  N.  Y. 
Model  CR-101  radar  features  north- 
stabilized  bearings,  four  range 
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•  DeJUR  Precision  Poten¬ 
tiometers  give  you  the  com¬ 
bination  of  accuracy  and 
ruggedness  that  assures 
long-life  dependability. 

These  instruments  .  .  . 
which  are  used  in  large 
quantities  for  radar  work . . . 
are  manufactured  to  toler¬ 
ances  as  close  as  .1%  in  line¬ 
arity.  Regular  production 
runs  guaranteed  to  within 
.37o.  Special  “Paliney’*  con¬ 
tacts  can  demonstrate  abil¬ 


ity  to  take  over  one  million 
revolutions  without  physi¬ 
cal  or  electrical  deteriora¬ 
tion. 

Join  some  of  the  greatest 
electrical  and  electronic 
equipment  manufacturers 
in  the  world  by  ordering 
DeJUR  Potentiometers 
from  the  nearby  table. 
Prompt  delivery. 
DeJur-Amsco  Corporation, 
j^5~12  Northern  Boulevard, 
Long  Island  City  1,  N.  Y. 
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CRfSTAL 

type 


making  a  maximum  of  8  or  4  con¬ 
tacts,  respectively.  Operated  from 
a  telephone-type  dial  pulser  the 
maximum  operating  speed  is  30 
steps  a  second,  or  double  that  speed 
with  self -cycling  operation. 


Heavy  Duty  Rectifier  Stack 

Federal  Telephone  and  Radio 
CORP.,  Newark,  N.  J.  A  new  devel¬ 
opment  in  selenium  rectifiers  makes 
available  stacks  composed  of  plates 


scales  from  100  yards  to  50  miles 
and  the  compact,  rugged  antenna  il¬ 
lustrated.  The  equipment  operates 
from  115-volt  60-cycle  power. 


the  receiver  under  test.  Equipped 
with  a  Bakelite  probe  which  picks 
up  the  signal,  the  main  unit  con¬ 
verts  the  resultant  signal  into  an 
audible  tone  or  a  vacuum-tube 
meter  reading.  Loudspeaker  or 
phones  can  be  employed.  Complete 
with  batteries  the  unit  weighs  10 i 
pounds  and  measures  only  8  x  Hi  x  6 
inches. 


Broad-band  Receiving 
Antenna 

Andrew  Co.,  Chicago  19,  Ill.  The 
new  Di-Fan  television  and  f-m  an¬ 
tenna  consists  of  five  dipole-like 
antennas  radiating  like  a  pair  of 


Sensitive  Relay 

Price  Electric  Corp.,  Church  St., 
Frederick,  Md.  A  single-pole,  dou¬ 
ble-throw  relay  that  can  be  made  to 
operate  on  0.009  watt  d-c  will  carry 
a  non-inductive  a-c  load  of  1  ampere 
at  115  volts.  Diameter  of  the  unit  is 
lil  and  height  is  2A  inches. 


designed  to  withstand  an  rms  volt¬ 
age  of  26  volts.  The  method  of 
mounting  improves  air  circulation, 
so  that  the  stack  can  be  mounted 
vertically  or  horizontally. 


Airplane  Crystal 

Bliley  Electric  Co.,  Erie,  Pa.  The 
Type  VX2  is  a  compact,  sealed  crys¬ 
tal  assembly  with  soldering  lugs. 


Regulated  Power  Supply 

Hewlett-Packard  Co.,  Palo  Alto, 
Calif.  The  Model  710A  regulated 
power  supply  has  been  designed  as 
a  source  of  regulated  voltage  for 
general  laboratory  and  production 


fans  from  a  central  vertical  pole. 
Aluminum  alloy  elements  are  used. 
Supporting  members  are  plated 
steel. 


Stepping  Switch 

C.  P.  Clare  Co.,  4719  West  Sunny- 
side  Ave.,  Chicago  30,  Ill.  A  new 
pulse-controlled  stepping  switch  is 
available  with  either  20  or  40  points. 


It  is  supplied  at  3,105  kilocycles  for 
private  aircraft  transmitters  but  is 
also  available  at  any  frequency  in 
the  range  3,000  to  11,000  kilocycles. 


use.  Output  is  continuously  vari¬ 
able  from  180  to  360  volts,  and  will 
remain  constant  to  within  1  per¬ 
cent  for  loads  from  0  to  75  milliam- 
peres,  and  for  line-voltage  varia¬ 
tions  of  plus  or  minus  10  percent. 
Either  the  positive  or  negative  out- 


Signal  Tracing  Analyzer 

Feiler  Engineering  Co.,  803  Mil¬ 
waukee  Ave.,  Chicago,  Ill.  The  TS-2 
analyzer  is  designed  for  use  with  a 
signal  source  applied  to  the  input  of 
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FACTS  .  .  .  SPECIFICATIONS  .  .  .  RECOMMENDATIONS 

iti044id  hfiJiuiA  cJuudt  Jloch  l4Jailie/U> 

From  the  latest  American  Standards  Specifications  right  on  through 
to  what  to  use  and  where.  That*s  how  complete  this  new  Diamond 
G  Lock  Washer  booklet  is.  On  the  right  are  shown  some  of  the  pages 
from  this  new  book.  In  addition  there  are  many  other  facts  that 
every  design  engineer,  production  manager,  purchasing  agent  and 
other  executive  should  have  at  his  finger  tips  when  buying  or 
specifying  lock  washers  or  other  fastening  devices. 

This  book  is  just  part  of  the  complete  service  the  Diamond  G  man 
has  to  offer  you.  He  is  ready  to  help  you  with  data  and  engineering 
advice  .  .  .  plus  supplying  you  with  a  complete  line  of  flat  and 
lock  washers — from  No.  0  to  2*'  in  all  materials  and  finishes. 

For  quick  deliveries,  high  quality  and  product  satisfaction 

write,  wire  or  phone . . .  t - - 


c  1C 


H£RS 


Most  clamps 


SNAP  AND  RtTAtNtR  RINGS 


GEORGE  K.  GARRETT  CO.,  INC 

1421  CHfSTNUT  STREIT,  PNIUDEIPNU  2,  P*. 


I 

I 

i 


- L 


M  I  1  ALLIC 
MF.Cl  IFlUkS 


COPPER 

SULPHIDE 


put  terminal  may  be  grounded. 
Total  noise  and  hum  is  less  than 
0.005  volt  for  any  condition  of  op¬ 
eration.  The  unit  also  provides  6.3 
volts  a-c  center-tapped  for  heating 
filaments.  It  weighs  18  pounds. 
Price,  $75.00. 


Audiometer 

Western  Electric  Co.,  Inc.,  195 
Broadway,  New  York  7,  N.  Y.  The 
GBP  Audiometer  used  for  measur¬ 
ing  hearing  loss  is  a  table  model 


that  can  be  carried  about.  Certain 
changes  in  the  technique  of  its  use 
have  allowed  a  simplification  over 
earlier  equipment. 


Pocket  Wire  Recorder 

Raytheon  Manufacturing  Co., 
Chapel  St.,  Newton  58,  Mass.  Tenta¬ 
tive  data  has  been  released  on  the 
Model  5  wire  recorder  designed  to 
furnish  a  half  hour  of  recording  or 


B-L  METALLIC  RECTIFIERS 

from  Milliwatts  to  Kilowatts 

If  you  have  an  A.C.-D.C.  conversion  problem,  let  B-L 
engineers  help  you.  We  have  successfully  produced 
many  appliances  formerly  thought  impractical. 

B-L  Metallic  Rectifiers  have  been  favorably  known 
to  the  electrical  industry  for  many  years.  They 
are  reliable,  efficient,  designed  to  get  your  job 
done  right! 

No  matter  what  rectifier  applications  you  are  con¬ 
sidering,  B-L  will  be  glad  to  work  with  you.  Selen¬ 
ium  and  Copper  Sulphide  Rectifiers  for  all  needs 
are  available. 

Write  today  for  Bulletin  R-41 

THE  BENWOOD-LINZE  COMPANY 

1815  LOCUST  STREET  ST.  LOUIS  3,  MO. 

Long  Distance  Telephone  CEntral  5830 

Designers  and  Manufacturers  of  Selenium  and  Copper  Sulphide 
Metallic  Rectifiers,  Battery  Chargers  and  DC  Power  Supplies 


playback.  Four  subminiature  tubes 
are  used  with  small  batteries  having 
a  life  well  in  excess  of  the  maximum 
time  for  a  continuous  recording.  The 
unit  measures  9i  x  4f  x  21  inches 
and  weighs  pounds. 


Photographic  Timer 

Lektra  Laboratories,  Inc.  30  E. 
10th  St.  New  York.  The  Model 
TM-5-R  electronic  timer  is  ar¬ 
ranged  to  start  at  the  moment  the 
platen  switch  of  the  printer  is  oper¬ 
ated  and  it  stops  the  exposure  at 
the  end  of  the  preselected  interval. 
Timing  intervals  ranging  from  0.2 
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Purity,  strength,  uniformity, 
and  the  proper  degree  of  absorb¬ 
ency  are  but  four  of  the  many 
inherent  desirable  qualities  you 
ean  rely  on  in  the  use  of  Schweitzer  insulat¬ 
ing  papers.  Designed  for  use  in  the  manufacture 
of  capacitors,  coils,  and  transformers,  and 
for  other  insulating  purposes,  these  papers  are 
supplied  in  thicknesses  ranging  from 
.00025''  to  .004". 


I 

SCHWElIZER  PAPER  CO. 

182  Cornelison  Ave.,  Jersey  City,  N.  J. 

I'lants:  Jersey  City,  N.  J.,  Mt.  Holly  Springs,  Pa. 
Rpsearrh  Laboratories:  Chrysler  Bldg.,  New  York,  N.  Y. 


SPECIALISTS  IN  HIM  GAUGE 


INSULATING  PAPERS 
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1161  NORTH  VINE  SI 
HOLLYVvOOD  38,  CALIF 


1st  Among  the 
Features  of 

VARNISHED 
TUBING  PRODUCTS 


to  60  seconds  are  available  at  an  ac¬ 
curacy  of  10  percent.  The  unit 
weighs  3  pounds  and  measures 
5ix8x31  inches.  It  operates  on 
a-c  or  d-c. 


LfOran  Receiver 

Radio  Corporation  op  America, 
Camden,  N.  J.  The  type  AVR-26 
Loran  Receiver  is  suitable  for  the 
reception  of  loran  navigation  sys- 


coMnercNiss 
or  imr 


HiOH  C>l«fCT«K 
STtEHOTH 


GOOD  EUSM  BACkI 
OUAllTY  'iff 


OF  MOOUCT 


SMOOTH 

MstoE  eo»E 


tern  signals  over  land  or  sea.  The 
equipment  is  particularly  suitable 
for  aircraft  installation,  weighing 
a  little  less  than  36  pounds. 


Dietlex  varnished  tubing  products 
are  thoroughly  varnished  —  itnpreg* 
nated  to  protect  against  moisture,  oil, 
heat,  and  high  voltages.  Their  smooth 
inside  bore  permits  easy  threading, 
prevents  snagging,  and  speeds  assem* 
bly.  Ideal  for  use  where  extreme  flexi* 
bility,  non-fraying  quality,  and  com¬ 
plete  roundness  are  important. 

Prompt  shipments  usually  available 
from  stock. 


This  complete  recording  ampli¬ 
fier  channel  develops  full  power 
from  40  to  10,000  cycles  without 
the  usual  dirty  highs  or  inter¬ 
modulation  distortion.  No  other 
amplifier  system  can  produce 
such  performance.  Another  Altec 
Lansing  first  ...  it  is  ideal  for 
studio  recording.  Available  com¬ 
plete  or  in  separate  units. 

A-420  Ptl-AMPLinn 
P-409  KGUlAnO  POWER  SUPPLY 
A-S23  LIMITER  AMPUEIER 
M-SOO-4  MIXER  PANEL 
A.35S  POWER  AMPLinER 
A.127  MONITOR  AMPLIFIER 

Complete  details  of  gain  fre¬ 
quency  and  power  can  be  ob¬ 
tained  from  your  dealer  or 


Home  Dust  Precipitator 

Raytheon  Mfg.  Co.,  Inc.  60  East 
42nd  St.,  New  York  17,  N.  Y.  Room 
unit  dust  precipitators  39x26x9 
inches  in  size  and  operating  from 
110-volt,  60-cycle  lines  at  a  power 
of  100  watts  are  now  available.  The 


INSULATION  MANUFAGURERS 
CORPORATION 

CHICAGO  CLEVELAND 

MILWAUKEE  MINNEAPOUS 

DETROIT  PEORIA 

INSULATION  omI  WIRES 
INCORPORARD 

ST.  LOUIS  ATLANTA  HOUSTON 
DETROIT  BLUEFIELD 

BOSTON  NEW  YORK 


TRT-STAn  SUPPLY 
CORPORATION 

LOS  ANGELES  SAN  FRANCISCO 
SEAHLE 


LANSING  CORPORATION 
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The  A.R.C.  24,000  megacycle  atten¬ 
uator  with  its  unique  “split-plate”  con¬ 
struction  typifies  the  quality  of  A.R.C. 
design  and  manufacture.  This  design 
( patent  pending)  permits  the  machin¬ 


A  complete  line  of  A.R.C.  Micro- 
wave  Accessories  is  available.  For  full 
details  on  these  and  other  A.R.C. 
Radio  and  Electronic  Component 
Parts,  write: 


Aircraft  Radio  Corporation  ^ 

BOONTON,  NEW  JERSEY 


NOW  AVAILABLE:  froo, 
illustrotod  catalog  of 
A.R.C.  Radio  and  Eloc- 
ironic  Componont  Rcurt» 
and  Accossoriof* 


The  ever-increasing  importance  of 
microwave  transmission  in  the  field  of 
electronic  navigation,  communication, 
and  industrial  controls  turns  the  spot¬ 
light  on  the  A.R.C.  line  of  equipment 
and  accessories  to  serve  this  field. 


ing  of  the  wave-channel  to  an  accuracy 
impossible  to  achieve  through  other 
methods  of  construction,  while  the 
jointure  of  the  plates  themselves  is  so 
precise  as  to  leave  no  possibility  of 
leakage  and  loss. 


cos** 


v/ith 
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In  cheese,  size  and  location 


of  holes- NOT  IMPORTANT 


In  a  part  to  be  fastened,  size  and 
location  of  holes  —  VERY  IMPORTANT 

Can  mean  the  difference  between  unnecessarily 
high  assembly  cost  and  low  production  as  against 
low  assembly  cost  and  high  production. 


blower  motors  shown  are  claimed  to 
be  practically  noiseless  and  the  unit 
automatically  turns  off  when  the  en¬ 
closure  is  opened.  The  high-voltage 
collector  cell  need  be  cleaned  only 
every  three  or  four  months. 

Aircraft  Transmitter- 
Receiver 

Lear,  Inc.,  Grand  Rapids,  Mich. 
The  Model  TR-2B  is  a  complete 
radio  transmitter  and  receiver  pack¬ 
age  consisting  of  two  units  for  com¬ 
munication  and  navigation  using 


—J.  V 


the  broadcast  and  radio  range  fre¬ 
quencies.  Total  weight  is  10 
pounds  and  the  equipment  lists  at 
about  $175  without  antenna  and 
direction  loop. 

Surface  Analyzer 

The  Brush  Development  Co.,  8405 
Perkins  Ave.,  Cleveland  14.  Ohio. 
The  Model  BL-103  Surface  Analyzer 
checks  smoothness  of  surface  fin- 


With  labor  costs  higher  than  ever, 
management  will  scrutinize  manufac¬ 
turing  costs  more  rigidly  than  ever. 

EVERY  POSSIBLE  SAVING  WILL 
BE  DEMANDED! 

Assembly  costs  will  be  no  excep¬ 
tion.  A  fraction  of  an  inch  difference, 
for  example,  in  the  size  and  location 
of  a  hole  in  a  part  to  be  fastened  can 
mean  the  difference  between  using 
standard  rather  than  special  Milford 
Fastening  Equipment  —  rivets  and 
rivet-setting  machines. 


Special  equipment,  of  course,  al¬ 
ways  increases  costs  sharply,  often 
slows  up  production. 

To  help  plan  assemblies  for  stand¬ 
ard  fastening  equipment,  Milford 
urges  consultation,  in  confidence  and 
without  obligation,  even  before  a  part 
to  be  fastened  reaches  the  drawing 
board. 

Milford's  vast  experience  in  the  in¬ 
tricate  field  of  fastening  is  yours.  Use 
it  freely — to  cut  costs,  to  speed  as¬ 
sembly  operations,  to  make  better 
things  at  better  profits. 


859  Bridgeport  Ave. 

MILFORD,  CONN. 


1002  West  River  St. 

ELYRIA,  OHIO 


Inquiries  may  also  bo  addrotsod  to  our  subsidiary: 

THE  PENN  RIVET  &  MACHINE  CO.,  PHILADELPHIA  33.  PENNA. 

Dosigttort  and  Manufacturors  of:  SPECIAL  COLO-HEADED  PARTS;  SPLIT,  SEMI-TUBULAR  AND  DE»- 
ORILLED  RIVETS;  RIVET-SETTING  MACHINES;  SPECIAL  MACHINE  SCREWS  AND  SCREW  MACHINE  PARTS. 


ishes  from  1  to  5,000  microinches. 
Visual  and  graphic  indications  are 
given  of  surface  finishes  of  metals, 
glass,  plastics,  plated  ;ind  painted 
materials. 

Recording  Disc  EUfualizer 

Cinema  Engineering  Co.,  1510  W. 
Verdugo  Road,  Burbank.  Calif.  The 
type  Xo.  3991  diameter  -Hiualizer  is 
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This  variable  Tape  Puller  has  been 
designed  for  use  with  the  Press  Wire- 
less  Ink  Tape  Recorders.  They  are 
^  separate  equipment  fully  en¬ 
closed.  The  Tape  ^ller  has  a  speed 
that  is  continuously  variable  from  5  to  1,000  words-per- 
minute.  Drive  mechanism  is  extremely  smooth  in  operation. 
No  gears  or  clutch  need  be  chang^  to  cover  operating 
range.  Unique  coupling  system  affords  long  life  to  the 
rotating  members.  Under  li^t  or  no  load  a  minimum  of 
pressure  is  exerted  on  the  friction  drive.  As  the  load  in¬ 
creases,  the  friction  automatically  increases  to  compensate. 


Simply,  yet  expertly  engineered,  the 
Model  ITR-2  more  than  meets  all  re- 
quirements  of  high-speed  recording. 
This  automatic  ink  tape  recorder  can 
rapidly  transcribe  code  signals  at  rates 
up  to  1,000  word  per  minute.  A  slender,  hollow  stylus, 
actuated  by  the  incoming  tone  signal,  from  a  receiver  or 
land-line,  records  the  message  in  the  form  of  inked  square 
wave  pulses  on  a  narrow  paper  tape.  Used  in  conjunction 
with  the  Variable  Tape  Puller,  VTP-11,  the  ITR-2  forms 
a  Press  Wireless  Recording  team  that  is  a  "must"  for  any 
automatic  receiving  assembly. 


•  Simplicity  of  controls  and  ease  of  adjustment 

•  Power  requirements:  115  volts  50/60  cycles.  A.C. 
150  watts  •  Terminals  INPUT:  A.C.  female  and  male 
outlets  located  on  rear  of  unit  •  Power  cord:  Six-foot 
AC.  cord  with  a  female  connector  at  one  end  and  a 
male  connector  at  the  other  end  •  Cabinet  mounting 

•  Modern  finish:  Smooth,  grey  enamel  •Dimensions: 
10  inches  high,  15  inches  wide,  12  inches  deep. 


•  Operation  from  115  volt,  50/60  cycles,  A.C.  •  Power 
switch:  D.P.S.T.  to  permit  cross  connection  of  the 
STAND-BY  switch  of  the  Recorder  •  Terminals:  An 
AC.  female  and  male  outlet  are  located  on  the  rear 
of  the  unit  •  Power  cord:  Six-foot  A.C.  cord  with  a  fe¬ 
male  connector  at  one  end  and  a  male  connector  on 
the  other  end  •  Modern  finish:  Smooth,  grey  enamel 

•  Dimensions:  10  inches  high,  7%  inches  wide,  IIV* 
inches  deep  (in  cabinet). 

_ _ 


For  conploto  lofomiatioi  oo  tkiso  onits  lod  otiior  Pross  Wlriltss  communications  oqiipmont  writs  to; 


PRESS  WIRELESS  MANUFACTURING  CORP 


Executive  offices:  1475  Broadway,  New  York  18,  N.Y.  Cable  Address:  PRESSRAO  NEWYORK 
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1021  PARMELE  STREET,  ROCKFORD,  ILLINOIS 


25  AMITY  ST.,  LITTLE  FALLS,  N.  J 


adjusted  automatically  as  the  cut¬ 
ting  head  of  a  recording  lathe  pro¬ 
gresses  across  the  disc,  equalizing 
from  8  db  at  5  inches  to  0  db  at  12 
inches  at  10,000  cycles.  Impedance 
of  the  device  is  500  ohms  and  the 
insertion  loss  is  10  decibels. 


In  selecting  the  right  gears  for  the  job,  it  is  important  to 
know  how  they  will  be  used  —  the  conditions  under  which 
they  must  operate. 

Beaver  Gear  Engineers,  knowing  what  is  expected,  and 
trained  to  assist  in  details  of  fine-pitch  gear  applications, 
can  tell  you  what  will  work  best  under  various  conditions 
and  can  specify  the  correc;^  design. 

Beaver  modern  production  facilities  and  experienced  crafts¬ 
men  assure  you  of  gears  made  correctly  to  specifications. 
Write  for  UtteU  bulletin  describing  Bearer  Gear  Facilities  and  Methods. 


Plastic  Sealer 

Electronic  Processes  Corp.,  6 
Franklin  Ave.,  Ridgewood,  N.  J. 
Thermoplastic  materials  can  be  ef¬ 
fectively  bonded  or  sealed  in  two  or 


more  thicknesses  by  means  of  the 
electronic  heater  illustrated.  The 
equipment  operates  from  conven¬ 
tional  115-or  230-volt  lines  capable 
of  supplying  about  1,400  watts. 


IN-IES-CO  rMiclort  ar*  tow  cost,  quality  uniH  of  compoct 
dotign.  Modom  production  focilitiot  oisuro  immodioto 
dolivory  in  quantity.  Rigid  quality  control  guarantoot  uni¬ 
form  high  quality  and  lino  porformanco.  All  IN-RES-CO 
units  aro  oasily  nnountod  —many  con  bo  stocfcod  ond 
mounting  spaco  roquiromonts  aro  minimum.  Includod  aro 
hormoticaliy  soalod  cmd-fungus-proof  dosignt  for  oirbomo 
and  shipboard  installations.  Tho  low  unit  cost  of  IN-RES-CO 
components  con  importantly  influonco  final  costs  in  your 
product.  Invostigoto  today. 


Amateur  Antenna 

Andrew  Co.,  363  E.  75th  St.,  Chi¬ 
cago  19,  Ill.  The  t3T)e  704  coaxial 
antenna  can  be  used  for  transmit- 


TYKS  M  AND  P3  or*  light  compact  rociston 
of  high  occurocy.  P4>  1*  long  x  9/16*  dio., 
max.  rot.  I  Mogohm,  1  watt.  P2:  9/16*  long 
X  9/16*  dio.,  max.  rot.  1 /2  Mog  1/2  watt. 
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Protection  of  the  electrical  contact  assembly  from  contamination  or 
physical  damage,  without  interfering  with  sensitivity,  is  essential  to 
accurate  thermostat  operation.  The  outer  shell  of  the  FENWAL 
THERMOSWITCH  Control  serves  both  as  the  temperature  sensi> 
tive  element  and  as  a  protective  enclosure  for  the  internal  parts.  No 
additional  protective  material  or  covering  is  necessary  to  give  the 
THERMOSWITCH  Control  contact  assembly  complete  protection 
under  normal  use.  In  applications  where  excess  vapor  is  present, 
moistureproof  seals  are  available  for  further  protection.  This  pro¬ 
tective  feature  in  design  assures  continuous  accurate  temperature 
control. 

Cross-section  drawing  of  the  basic  Cartridge  THERMOSWITCH 
Control  shows  the  enclosed  assembly.  The  photograph  of  the  Sub¬ 
mersion  THERMOSWITCH  Control  is  an  example  of  a  Fenwal  unit 
with  additional  moisture  proofing  device. 

No  other  temperature  control  offers  so  many  advantages.  Test  and 
compare  you'll  find  FENWAL  controls  best  suited  for  your  appli¬ 
cation.  ^end  jor  the  Thermotechnics  Booklet  Fourteen  Facts  in  FEN- 
WAL'S'  Favor  which  will  help  you  solve  your  temperature  control 
problems. 
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CNCLOSKO  ASSCMBI.Y 


of  the  "Fourteen  Facts  in  Fenwal's  Favor". 


FENWAL  INCORPORATED 


^Jknwal 


ASHLAND  MASSACHUSETTS 

Thermotechnics  for  Complete  Temperature  Regulation 


MICROTORQUE  POTENTIOMETERS 


Miniature  Switch 

! 

I  Acro  Electric  Co.,  1316  Superior 
Ave.,  Cleveland  14,  Ohio.  The  model 
M  snap-action  switch  is  rated  at  10 
amperes,  125  volts  a-c.  Four  of 


ting  or  receiving  at  frequencies  in 
the  range  108  to  180  megacycles, 
I  making  it  suitable  for  police,  air¬ 
port,  or  amateur  communications. 
Since  the  structure  is  essentially  a 
half-wave  dipole  fed  at  the  center 
it  radiates  nondirectionally  when 
erected  vertically.  Complete  with 
mounting  straps  and  15  feet  of 
coaxial  cable  it  lists  at  $16.  Net 
weight  of  the  antenna  alone  is  31 
pounds. 


for  Remote  Recording 

Solve  remote  control  and  position  repeating  problems  by 
adapting  Microtorque  Potentiometers  to  your  particular 
needs.  Built  like  a  fine  watch.  Microtorque  Potentiometers 
convert  mechanical  movement  into  proportional  electrical 
voltages  without  causing  excessive  drag  in  sensitive  mechan¬ 
ical  measuring  systems.  A  simple  yoke  adaption  to  the  instru¬ 
ment  pointer  makes  these  tiny,  ultra-low'  torque  units  ideal 
for  take-offs  from  low  torque  indicating  instruments.  Micro¬ 
torque  Potentiometers  may  also  be  used  as  primary  control 
elements  in  bridge  type  circuits  to  operate  directly  recorder 
controllers,  recording  galvanometers,  oscillographs,  polarized 
relays,  and  telemetering  circuits. 


FEATURES: 

Vibration-proof  4  to  55  cyclos  up  to  6  G. 
Rosistanco  voluos  100  to  2500  ohms. 
Hi9hcr  ranges  on  request. 

Input  torque  less  than  .003  ox.  in. 

Power  dissipation  of  2  watts, 
linearity  Vs  %  or  better. 

Weight  less  than  y4  ounces. 

Sixe  1"  X  IVi". 


Monvfoclurers  of  remote  pressure  transmitters,  controls,  and  aircraft  compasses 


AUmUGHT  INSTRUMfNTS 

:  :  A  Division  of  G.  M.  Gionnini  &  Co.,  Inc. ^ 

161  EAST  CALIFORNIA  STREET 
PASADENA  S/  CALIFORNIA 


AUTOFLIGHT 


these  switches  can  be  mounted  in  a 
width  of  li  inches.  They  are  avail¬ 
able  in  single-pole  single-  or  double¬ 
throw  combinations. 

Unit  Amplifiers 

Concord  Radio  Corp.,  Chicago,  Ill. 
and  Atlanta,  Ga.  The  line  of  Multi¬ 
amp  units  makes  possible  a  gradual 
building  of  public-address  or  record- 


playing  systems  of  increasing  power 
and  complexity,  one  unit  at  a  time. 
Connection  of  new  equipment  is  ac¬ 
complished  by  plug  and  jack  method. 

Electrostatic  Voltmeter 

Rawson  Electrical  Instrument 
Co.,  110  Potter  St,  Cambridge  42, 
Mass.  The  type  518  line  of  electro- 
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TORQUE  REDUCEaJO  A  MINIMUM 


•  imi 


.«^ENGTH 

F|^R 

GTH 
..-SISMNCE 
lONGATtON 

AT  125”  C. 
MOISTURE  AND 
04L  RESISTANCE 


THESE 


TELL  THE  DIFFERENCE 


To  help  you  make  specific  service  and  cost  comparisons 
. . .  Irvington  will  gladly  supply  generous  test  samples  of  any 
of  its  varnished  insulations. 

Each  Irvington  product  will  test  high  in  every  property, 
because: 

In  the  manufaaure  of  varnished  insulation,  Irvington 
starts  right . . .  with  base  fabrics  made  to  exacting  Irvington 
standards  .  .  .  fabrics  high  in  mechanical  strength,  of  uni¬ 
form  thickness  and  smooth  finish.  Only  by  using  a  smooth, 
uniform  base  fabric  can  excessive  pimples,  thin  varnish 
areas  and  other  “weak  spots"  be  avoided. 


These  carefully  selected  base  fabrics  are  then  uniformly 
coated  with  Irvington  insulating  varnishes  .  .  .  manufac¬ 
tured  entirely  of  tested  ingredients  .  .  .  specific  gravity  and 
viscosity  controlled  for  coating  fabric.  Only  by  using  insu¬ 
lating  varnishes  that  are  correctly  formulated  and  processed 
can  varnished  insulations  with  full  dielectric  strength, 
moisture  resistance,  heat  resistance  and  long  life  be  secured. 

To  assure  the  best  possible  insulation  values  and  meet 
hundreds  of  different  customer  specifications,  Irvington 
Varnished  Insulations  are  quality-controlled  by  over  65 
checks.  Convince  yourself  of  their  outstanding  characteristics. 
Write  for  samples  to  make  comparative  tests. 


IRVINGTON 

afui  ^ndu/ulot 

IRVINGTON  11,  NEW  JERSEY,  U.  S.  A. 


PS 
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static  voltmeters  represents  improve¬ 
ments  over  existing  equipment,  par¬ 
ticularly  in  the  reduction  of  leakage. 
For  a-c  measurements,  a  true  rms 
value  is  very  little  dependent  upon 
frequency.'  Accuracy  of  1  percent  or 
better  is  possible.  Instruments  with 
ranges  from  300  up  to  35,000  volts 
are  available. 

Test  Scope 

Allen  B.  Du  Mont  Labobutories, 

!  Inc.,  2  Main  Ave.,  Passaic,  N.  J. 

1  The  new  Type  274  oscilloscope  em- 
I  ploying  a  5>inch  tube  is  suitable  for 


IF  YOU  make  any  of  the  above  products,  you 
should  be  interested  in  finding  out  how  better 
permanent  magnets  can  improve  efficiency  and 
reduce  costs.  Put  your  design,  development  or 
production  problems  up  to  The  Arnold  Engi* 
neering  Company.  Arnold  engineers  have  been 
of  great  assistance  to  many  manufacturers  and 
are  at  your  service  to  advise  exaaly  what  Alnico 
permanent  magnet  will  solve 


your  particular  problem. 


Write  for  Technical  Bul¬ 
letin— "Permanent  Mag¬ 
nets  for  Industry,” 
containing  valuable  data 
on  design,  production 
characteristics  and  appli¬ 
cations  of  Permanent 


Magnets. 


The  Arnold  Fnt.ineerint.  Pompanv 

SUBSIDIARY  Of  ALLEGHENY  lUDlUW  STEEL  CORPORATION 
147  EAST  ONTARIO  STREET,  CHICAGO  11,  lUINOIS 

Specialists  in  the  manufacture  of  ALNICO  PERMANENT  MAGNETS 


Ammeters 

Voltmeters 

Galvanometers 

Seismographs 


INSTRUMENTS? 

Oscillographs 
Flux  Meters 
Watt-hour  Meters 
Flow  Meters 


Light  Meters 
Cardiograph 
Recorders 
Vibration  Pick-ups 


RADIO,  SOUND 

Loud  Speakers 
Headsets 
Microphones 
Hearing  Aids 
Electrical  Musical  ■? 
'  Instruments 


AND  COMMUNICATIONS 

Sound-powered 
Telephones 
Telephone  Ringers 
Voltage  Regulators 
Phonograph  Cutting  Heads 
Phonograph  Pick-ups 


EQUIPMENT? 

Vibration  Pick-ups 
Polarized  Relays 
Generators 
Meters 

Magnetron  Fields 


AUTOMOTIVE  AND  AVIATION 

Magnetos  '  Voltage  Regulators 

Tachometers  Motors 

.Compasses  Speedometers 


EQUIPMENT? 

Generators 
Magnetic  Oil 
Filters 


Magnetic  Separators 
Magnetic  Chucks 
Magnetic  Conveyors 
Magnetic  Clutches 
Magnetic  Damping 
Devices 


THESE  PRODUCTS? 

Arc  Blow-out  Magnets 
Temperature  and  Pressure 
Control  Equipment 
Circuit  Breakers 
Limit  Switches 
Holding  Magnets 


Clocks 
Toys  and  Novelties 
Coin  Separators 
for  Vending 
,  Equipment 


testing  and  radio  servicing.  Ver¬ 
tical  and  horizontal  amplifiers  have 
a  range  from  20  to  50,000  cycles. 
Deflection  sensitivity  at  full  gain  is  | 
0.65  rms  volt  per  inch.  List  price  is 
$99.50.  ^ 


Dual  Power  Supply 

Communications  Measurements  j 
Laboratory,  120  Greenwich  St.,  New 
York,  N.  Y.  The  CML  1115  dual 
power  supply  comprises  a  TO-milli-  . 
ampere,  300-volt  circuit  and  a  bias 
current  up  to  75  volts.  Less  than  7 
millivolts  ripple  is  furnished  from  j 
the  latter  circuit  and  less  than  25  1 
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your  products  hermetically  sealed 


ag^ain^t  Cxtreme  Climatic  Condition^ 


..with  STUPAKOFF  KOVAR*-GLASS  SEALS 


Stupakoff  metal-glass  terminals  form  permanent  pressure-tight  seals, 
without  cement  or  gaskets.  They  protect  your  products  under  most  ad¬ 
verse  climatic  conditions  and  guard  against  humidity,  fungus  and  other 
elemental  hazards. 

Stupakoff  Kovar-glass  seals  are  made  in  standard  shapes  and  sizes 
or  to  your  exact  specifications  for  electronic  tubes,  transformers, 
resistors,  capacitors,  condensers,  vibrators,  switches, 
relays,  instruments,  gauges,  transmitters,  meters,  re¬ 
ceivers  and  other  components  . . .  with  single,  multiple, 
solid  or  tubular  electrodes. 


IVr/fe  today  for  Bulletin 

for  complete  data  on  Stupakoff 
Kovar-glass  seals. 


*  Trad*  Mark  33796) 


R*g.  U.S.  Rat.  04*. 


STUPAKOFF 
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millivolts  from  the  former.  The 
high  voltage  is  variable  from  180  to 
300  volts  and  the  bias  continuously 
from  0  to  75  volts.  A  6.3-volt  unreg¬ 
ulated  winding  furnishes  2  amperes. 


Pyrometer  Controller 

Wheelco  Instruments  Co.,  847  W. 
Harrison  St.,  Chicago,  Ill.  The  Mul- 
Ironic  Capacitrol  is  essentially  a  mul- 


FINCH  TELECOMMUNICATIONS,  INC.  •  PASSAIC,  N.  J. 

Address  All  Correspondence  to  Soles  Office:  10  E.  40  St.,  New  York  16,  N.Y. 

Mfrs.  also  of  the  Finch  Rocket  Antenna  for  FM  stations 


ing  a  9-inch  meter  with  a  remote  con¬ 
trol  range  selector  that  can  be  re¬ 
moved  from  the  panel  assembly  and 
operated  at  the  end  of  a  7-foot  cord. 
Voltage,  current,  resistance  and  out- 


FINCH  FACSIMILE  TELEFAX  GIVES  —  to  govern¬ 
ment,  private  business,  public  utilities  and 
individual  homes  —  a  means  of  high-speed 
communication  never  before  equalled  for  con¬ 
venience,  flexibility  and  dependability. 

The  two-way  Telefax  shown  above  —  and 
now  in  production  and  use  commercially  — 
transmits  and/or  receives,  by  radio,  2760 
square  inches  of  pictures  and  text  per  hour 
or  about  30,000  words  —  without  one  error! 
The  speed  by  telephone  reaches  918  square 
inches  per  hour.  Definition  is  high  and  ac¬ 
curacy  absolute. 

The  strong  Finch  patents  assure  to  Finch 
customers  the  maximum  of  service,  quality 
and  protection.  Write  for  full  particulars. 
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tiposition  electronic  pyrometer  con¬ 
troller  used  in  heat  treating,  or  in 
gas,  oil  and  electric-fired  equipment. 
All  control  operations  are  carried  out 
using  electronic  means. 


Circuit  Tester  Panel 


Precision  Apparatus  Co.,  Inc.,  92- 
27  Horace  Harding  Blvd.,  Elmhurst. 
N.  Y.  The  Series  864  a-c/d-c  circuit 
tester  is  relay  rack  mounted  combin- 


con- 
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RADIO  CITY  PRODUCTS  COMPANY,  INC 

127  WEST  26th  STREET  _ _  NEW  YORK  CITY  1,  N.Y. 


manufacturers  op  precision  electronic 

OHM-MILLIAMMETERS,  SIGNAL  GENERATORS 

■^1 

LIMIT  BRIDGES,  VACUUM  TUBE  VOLTMETERS,  VOLT- 
ANALYZER  UNITS,  TUBE  TESTERS,  MULTI  -  TESTERS. 
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^^Tfor  awhile,  I  was  saying.  ^ 

ImdeingG^pped! 

I  was  paying  a  high-priced  technician 
to  test  my  tubes,  and  he  didn’t  . 
^  even  work  up  a  sweat  . 


So  I  called  the  bird  aside  and  asked  him,  *‘How 
come?”  Then  he  told  me  about  the  time-saving 
RCP  Tube  Tester  :^322.  He  can  test  more  tubes, 
more  quickly  with  less  effort  than  ever  before. 
He  saves  me  money  on  equipment  bills,  too,  be¬ 
cause  of  this  instrument’s  unique  versatility  and 
low-obsolescence  features. 


RCP  DYNOPTIMUM 
TUBE  TESTER 

^  MODEL  322 


o( 

p.c!.iw  •’‘•J’ • 

,,  conn.c..o«. 

inqing.  or  kiq  extremeW 

lerances  are  obtain 

drop  of  to»f  f *Com- 

'Wh  l.o«P 


COUNTER  MODEL  NO.  322  i 


PORTABLE  MOOa  NO.  322P 


complete  witli  oak  cose 
and  hoedle  about  $43.50 


NOW  AVAILABLE 


ORDER  FROM  TOUR  LOOIL  JOBBER  OR  WRITE 
DIRECT  FOR  OUR  NEW  CATALOG  NO.  129. 


P.CP's  DYNOPTIMUM  circuit, 
an  exclusive  RCP  feature,  elimi¬ 
nates  waste  switching  motion.  Fewer 
controls,  jacks  and  switches  permit  speedy  yet 
accurate  testing  of  all  tubes,  including  miniatures 
and  sub-miniatures.  Incorporates  the  newest  tube 
developments  to  provide  a  low-cost,  long  range 
utility  tube-tester  for  the  laboratory,  inspection 
booth  or  service  shop. 


mmm 


ter  •Receiver  Unit  for 


mobile  communico 


K-23C  Plug 


QUALITY  ELECTRICAL  CONNECTORS 
IMPROVE  OPERATION  AND  SELLING 
FEATURES  OF  ANY  EQUIPMENT... 

An  axiom  of  the  electrical  equipment  industry  receiving  greater 
and  greater  acceptance  is  "No  equipmetit  is  better  than  its  electrical 
connections.”  Cannon.  Electric  has  long  taken  pride  in  furnishing 
connectors  for  quality  equipment.These  vital  parts  are  recognized 
by  manufacturers  as  "musts" — such  as  the  Collins  and  Bendix 
new  equipment  shown  here.  Many  other 
prominent  firms  specify  Cannon  Plugs  be 
cz\x&G”Equipped  with  Cannon  Plugs” means 
quality  connections. 


Tw»Khanii«l  Tran»initter,  17E-2. 
Specially  designed  for  executive 


put  measurements  can  be  made  up  t« 
6,000  volts  a-c  and  d-c,  0  to  300  mi¬ 
croamperes  and  0  to  12  amperes  d-c, 
0-20  megohms  and  output  from 
minus  12  to  plus  70  db. 

Coaxial  Dipole 

Engineering  Electronics  Co.,  so 
Fairfield  St.,  Montclair,  N.  J.  First 
item  in  a  line  of  equipment  designed 
for  amateur  operators  is  a  2-meter 


coaxial  dipole.  It  is  supplied  with 
two  standoff  insulators,  feed-through 
bolts  and  a  4-foot  length  of  transmis¬ 
sion  line  attached  to  the  center  of  the 
antenna.  The  top  section  is  adjust¬ 
able. 

Crystal  Microphone 

Electro  -  Voice,  Inc.,  1239  South 
Bend  Ave.,  South  Bend  24,  Indiana. 
A  new  combination  one-piece  molded 
plastic  desk  stand  and  crystal  micro- 


1 


Photo  courtesy 
Collins  Radio, 
>  ^  ,  Cedor  Rapids, 

Iowa. 


K-32SL  Receptacle 


CANNON 

ELECTRIC 

DEVELOPMENT  COMPANY 

LOS  ANGELES  31,  CALIF. 
In  Canada — Toronto,  Ont. 


‘X’  All  the  conneaors  shown  in  the  trans¬ 
mitters  are  type  "K.”  If  you  wish  a  bul¬ 
letin  covering  these  fittings,  write  Cannon 
Electric  Development  Co.,  Dept.  1-120, 
3209  Humboldt  Street,  Los  Angeles  31 
Calif,  for  Type  "K”  Bulletin,  or  contact 
our  representatives  located  in  principal 
cities  of  the  U.S.A. 


SINCE  1915 


phone  has  a  substantially  flat  re¬ 
sponse  from  70  to  7,000  cps.  Voltage 
developed  by  normal  speech  (10  dynes 
per  square  centimeter)  is  0.0394 
volt.  The  unit  works  into  a  high-im¬ 
pedance  input  amplifier.  The  model 
902  microphone  lists  at  $13.25. 

Unimeter 

General  Electric  Ck).,  Syracuse, 
N.  Y.  The  type  YMW-1  meter  is 
rated  at  20,000  ohms  per  volt  and  is 
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GUARANTEED  VACUUM 
.05  Micron  (.00005  mm  Hg.) 
FREE  AIR  CAPACITY 
33.4  Liters  Per  Minute 
OPTIMUM  OPERATING  SPEED 
300  Revolutions  Per  Minute 
OIL  REQUIRED  i 

650  ml.  DuO'Seal  Oil  ffl 


arranged  to  measure  all  voltages, 
currents,  resistances  and  output 
ranges  ordinarily  encountered  in 
electronic  work.  Most  measurements 
are  made  without  changing  the  posi¬ 
tion  of  the  plug-in  leads. 


Weatherproof  Speaker 

Radio  Corporation  of  America, 
Camden,  N.  J.  As  a  part  of  new 
drivein  theater  equipment,  a  weather¬ 
proof  loudspeaker  with  individual 


volume  control  and  coiled  cord  has 
been  designed.  The  speaker  can  be 
hung  in  any  convenient  place  in  the 
car  after  it  has  been  removed  from 
its  outdoor  shelf  by  the  patron  him¬ 
self. 


Soft  Vane 


Rotoi^ 


Variable  Capacitors 

Airadio,  Inc.,  Stamford,  Conn.  Two 
and  three-gang  variable  capacitors 
of  the  RM  A  Class  B  type  are  now  be¬ 
ing  manufactured  with  an  oscillator 
section  providing  a  maximum  of  162 
micromicrofarads  for  tracking  with 
an  456  kilocycle  i-f  and  an  antenna 
section  providing  up  to  462  micro¬ 
microfarads. 


Oil  Seal  Is  provided  by  precise 
noebieieg  to  1/10,000  loch.  Oil 
filiR  preveets  rotor  from  touch* 
lug  the  stater,  avoiding  wear. 


Internal  Vane  Is  softer  than  the 
stator.  Vlfeors  Indefinitely  and 
improves  with  use. 


DfTO-SEAI,  VACUUM  PUBfP,  Motor 
Driven.  Vacuum  .OS  micron — free  air 
capacity  of  38.4  liters  per  min¬ 
ute  . f  140.00 

With  larger  motor  eivlng:  57  liters  free 
air  capacity  per  minute  and  vacuum 
of  0.1  micron  . $155.00 


Write  for  FREE  32  poge  beehfet 
on  Welch  Oeo-Seol  Fnmps  ond 
Vocnnm  Techniqne. 


Magnetic  Wire  Recorder 

Bell  and  Howell  Co.,  7100  McCor¬ 
mick  Road,  Chicago  46,  Ill.  The 
Peirce  Model  66A  magnetic  wire  re¬ 
corder  provides  66  minutes  of  con¬ 
tinuous  recording.  It  is  furnlihed 


We  Me  Welch  Scientific  Company 

ISIS  Sedgwick  St..  Dept.  H.  Esfobllsbed  1880  Chicago  10,  Illinois,  U.S.A. 
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you  design 


MINIATURES  OFFER  EXTRA  POSSIBILITIES 


Think  of  how  many  new  product  designs  are  now 
possible  —  products  which  could  gain  a  competitive 
“edge”  if  made  smaller— because  large-meter  perform¬ 
ance  is  packed  into  the  smallest  unit  produced  today! 

The  hearing-aid  battery  tester,  for  instance— a  volt¬ 
meter  for  consumer  use  so  small  it  can  be  carried  in 
pocket  with  utmost  ease.  Or  smaller  photo  exposure 
meters,  or  miniature,  portable  galvanometers  — all 
of  which  house  MB  movements,  adapted  by  MB  en¬ 
gineers  to  turn  a  design  idea  into  a  practical  product. 

Equally  important,  MB  miniatures  help  you  im¬ 


prove  space  factors  in  present  designs.  Whether  used 
as  a  tank  circuit  tuning  indicator  or  a  thermocouple 
thermometer,  an  MB  meter  gives  you  greater  freedom 
of  design— and  freedom  from  trouble.  For  not  only  is 
it  smallest,  but  it's  also  built  to  /as/— with  materials 
like  Alnico  No.  5  magnet  and  sapphire  bearings. 

MB  instruments  are  available  in  round  and  square 
models,  in  1-inch  sizes  and  1  Vi-inch  sizes.  We  will  be 
glad  to  discuss  any  uses  you  see  for  them  and  have  an 
MB  engineer  work  out  adaptations  if  necessary.  Write 
for  the  MB  catalog  with  full  specifications  and  prices. 


MANUFACTWQi^  mmn,  mj 

street,  11,  GeMwi 


miniature  electrical  instruments  for 
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PIONEER  MANUFACTURERS  OF  PERMANENT  MAGNET  DYNAMIC  TRANSDUCERS 


with  Powerful 


with  a  5-inch  permanent  magnet 
speaker,  a  desk  stand  microphone, 
and  is  priced  at  $595,  less  tax.  The 
unit  operates  from  115-volt  alternat¬ 
ing  current. 

Tubular  Capacitors 

J.  P.  O'Donnell  and  Sons,  316  Stu¬ 
art  St.,  Boston  16,  Mass.,  is  now  pro¬ 
ducing  paper  tubular  capacitors  with 
capacitance  ratings  from  0.001  to  1.0 
microfarads  at  voltage  ratings  of 


The  Right 
Speaker  for 
IVery  Purpose 


200,  400,  600,  and  1,000  volts  d-c. 
Large  scale  production  of  special 
midget  capacitors  of  the  types  for¬ 
merly  used  in  the  proximity  fuze  is 
planned  for  the  future. 

Line-voltage  Control 

Superior  Electric  Co.,  Bristol. 
Conn.  Relatively  slow  deviations  of 
line  voltage  during  the  course  of  a 
day  can  frequently  be  compensated 
by  use  of  a  variable  voltage  trans¬ 
former  and  a  fixed-ratio  step-down 


iP^erfectly  matched  to  your  circuit 
and  cabinet  requirements,  Permo- 
flux  Speakers  will  faithfully  trans¬ 
late  the  tone  excellence  of  your 
design.  They  combine  high  sensi¬ 
tivity  with  wide  frequency  response 
and  rugged  mechanical  construc¬ 
tion.  Manufactured  in  a  wide 
range  of  sixes  and  power  handling 
requirements  under  methods  assur¬ 
ing  unusual  quality  control,  Permo- 
flux  PM  and  Electrodynamic 
Speakers  provide  the  finest  sound 
reproduction  for  every  application. 


PERMOFLUX  CORPORATION 

4900  WEST  GRAND  AVE.,  CHICAGO  39,  III, 


CAtLE  ADDRESS:  "PERMO''  CHICAGO,  ILL. 

W«»t  Coost  Plant:  Eattarn  OfRca:  ^ 

2M  So.  Vardugo  Rd.,  GlandoU,  CalH.  108  Cotitrol  Ava.,  Wattfiald,  N.  J. 
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Qo^uuect  Pnxffio^Uiaft 

a  mUpiitf  imfiJO^Ua*U  in,  &UcifuuUoi,  too-! 

Yes,  in  the  manufacturing  fields  of  small  electrical  and  radio  apparatus,  a  small 

screw,  that  saves  space,  and  has  outstanding  strength  and  accuracy,  as  in  the  ■||  IIb 

"Unbrako"  Socket  Set,  is  greatly  appreciated.  And  when  you  add  to  those  ItII 

features,  that  of  holding  against  all  vibration,  such  a  screw  is  well-nigh  invalu- 
able.  That’s  why  you’ll  want  to  order  the  "Unbrako”  Socket  Set  Screw  with  the 
Knurled  Cup-Point.  It’s  a  Self-Locker,  because  the  knurled  point  digs-in  and 
refuses  to  budge  .  .  .  regardless  of  the  most  chattering  vibration!  Yet,  this 
screw  can  easily  be  backed-out  with  a  wrench  and  used  again  and  again.  In 
sizes  from  No.  4  to  V/i"  •,  full  range  of  lengths. 

\  Write  for  the  •^Unbrako*'  Catalog.  **Unbrako'*  and  **Halloweir* 

A  products  are  told  entirely  through  distributors. 


Th«  “Hallewcir'  Sock«t  Scrtw  Kit 
it  a  medtrn  MUST  —  atk  ut.  9 
int«rchang*abl*  bits  within  yewr 
gratp  in  Hit  hollow  handle. 


Knurling  of  Socket 
Screws  originoted  with 
“Unbrako"  in  1934. 


A  rot*  rood 


nee.  u.  t.  oei. 


OVEff  43  YiAK  IN  BUSINESS 


STANDARD  PRESSED  STEEL  CO. 

JENKINTOWN,  PENNA  ,  BOX  S96  •  BRANCHES:  BOSTON  .  CHICAGO  •  DETROIT  •  INDIANAPOLIS  •  ST.  LOUIS  •  SAN  FRANCISCO . 
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ARE  THERE  TO  A 


tUBA 


transformer.  The  type  LC  Power- 
stat  now  furnished  with  a  built-in 
fuse  can  be  supplied  for  single-  and 
three-phase  operation  from  115,  230 
or  440-volt  lines. 


Iron-core  Tuner 

Electronic  Laboratories,  Inc.,  In¬ 
dianapolis  4,  Ind.  A  new  iron-core 
tuner  is  now  available  to  manufac¬ 
turers.  One  of  its  main  features  is  a 
fiber  carriage  to  which  are  attached 
the  iron  cores.  Tuning  is  accom- 


TYPE  100 


ELECTRONICS 


y  - 


I. 


A  little-known  property  of  Nickel  keeps  temperatures 
right  in  the  Simmons  Electronic  Blanket 


RAYON  CORE 


:OPPER  WIRE 


NICKEL  WIRE 


Acting  as  the  temperature-sensitive 
element  in  an  electronic  control  is  a 
new  use  for  Nickel. 

Here’s  how  the  job  is  carried  out 
in  the  Simmons  Electronic  Blanket: 

In  the  embedded  gridiron  pattern 
of  heating  wires  is  355  feet  of  fine 
Nickel  wire.  Acting  as  a  “feeler,”  it 
constantly  measures  blanket  tem¬ 
perature. 

If  temperature  falls  below  a 
chosen  level,  the  decreased  resist¬ 
ance  of  the  Nickel  wire  instantly 
transmits  a  signal  to  the  control  box. 
There,  electronic  tubes  amplify  the 
signal,  making  it  strong  enough  to 
actuate  a  relay  that  sends  current 
through  the  heater  wires. 


Once  the  chosen  temperature  has 
been  restored,  signals  from  the 
“feeler”  wire  similarly  shut  off  the 
current. 

Nickel  was  selected  for  this  job 
because  its  coefficient  of  electrical 
resistivity  is  higher  than  that  of 
any  other  commercial  metal— .0043- 
.0050  (68-2 12“  F.).  But,  as  so  often 
occurs  when  Nickel  or  Nickel  Alloys 
are  used,  there  were  contributing 
advantages.  Nickel  offers  fatigue  re¬ 
sistance  (needed  to  withstand  re¬ 
peated  Hexing).  Nickel  is  rustless 
and  corrosion  resisting  (important, 
since  the  blanket  must  be  wash¬ 
able).  Nickel  is  both  workable  and 
strong  (the  “feeler^*  wire  is  only 
0.0037’*  in  diameter). 


WATERPROOF 

INSULATION 


THE  HEATING  ELEMENT 


Shown  above  is  the  heating  element  of  the 
Electronic  Blanket  made  by  the  Simmons 
Company.  Floating  in  channels  inside  the 
blanket,  it  is  composed  of  two  conductors, 
each  insulated  from  the  other  by  enamel 
and  both  covered  by  an  over-all  jacket  of 
waterproof  plastic  insulation.  One  conductor 
is  the  heating  wire.  The  other  conductor, 
consisting  of  355  feet  of  fine  Nickel  wire, 
acts  as  a  “Feeler”  and  constantly  measures 
blanket  temperature. 

Nickel  plays  an  important  role  in  the 
control  box,  too.  For,  with  3  electronic  tubes 
used,  there  are  jobs  that  can  be  done  only 
by  Nickel . . .  jobs  like  the  anodes,  grids, 
supporting  rods  and  lead-ins,  which  require 
Nickel’s  great  thermal  endurance,  strength 
and  corrosion  resistance. 


Remember  to  investigate  Nickel  and  INCO  Nickel  Alloys  whenever 
you  need  metals  with  a  combination  of  hard-to-find  properties. 


INTERNATIONAL  NICKEL  COMPANY,  INC 

67  Wall  Street,  New  York  5,  N.  Y. 


ALLOYS 


NICKEL 
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si^ed  to  test  insulation  from  l 
megohm  to  10,000  megohms  at  500 
volts.  Capacitance  and  voltages  to 
6,000  volts  can  also  be  measured.  The 
unit  is  housed  in  a  metal  case  x 
tl2i  X  6  inches  and  weighs  13  pounds. 

Capacitor  Analyzer 

Solar  Manufacturing  Corp.,  285 
Madison  Avenue,  New’  York  17,  N.  Y. 
The  Exam-eter  has  been  designed 
to  check  faulty  capacitors  in  circuit 


and  comprises  a  d-c  bridge  to  meas¬ 
ure  capacitance  from  10  micromicro¬ 
farads  to  2,000  microfarads  and  re¬ 
sistance  from  100  ohms  to  7.5 
megohms.  A  supplementary  circuit 
allows  measurement  of  resistance  up 
to  10,000  megohms. 

Public  Address  Amplifiers 

Clark  Radio  Equipment  Corp., 

4313  Lincoln  Ave.,  Chicago  18,  Ill. 

A  line  of  amplifiers  rated  at  10,  20, 


and  30  watts  with  frequency  re¬ 
sponse  virtually  flat  from  30  to  16,- 
000  cycles  is  now  in  production. 

Deluxe  Recorder 

Jefferson-Travis  Corp.,  245  E. 
23rd  St,  New  York,  N.  Y.  The  epi¬ 
tome  of  a  line  of  embossed  tape  re¬ 
corders  is  one  combined  with  a  time 
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■HE  REVOLUTIONARY  Potentiometer  that  Gives  You 
A6V^"of  Slide  Wire  in  a  Panel  Space  VA"  in  Diameter! 


Throughout  the  electronic  industry— wherever  qual¬ 
ity  electronic  instruments  ore  designed,  manufactured  or 
used— the  big  news  is  HELIPOT,the  helical  potentiometer- 
rheostat  that  is  making  possible  entirely  new  standards 
of  accuracy,  convenience  and  compactness  in  n>odem 
electronic  equipment.  Briefly,  here's  what  makes  the 
Helipot  so  unique .... 


Intttad  of  a  singlo  partial  turn  of  slida  wira  ot  found  In 
tho  convontionol  potonfiomotor,  tho  Holipot  hot  many  full  turns 
of  tlldo  wiro  coilod  into  o  compact  holix  requiring  no  mere 
panfl  spoco  than  tha  ordinary  potontiomotor.  Tho  sliding 
contact  follows  tho  long  holicol  path  of  tho  slido  wiro  from  ond 
to  ond  whon  a  single  knob  is  rotated.  Thus,  tho  Holipot  requires 
tho  same  panel  space— tho  same  single  control  knob— as  a  con¬ 
ventional  potentiometer... yet  it  provides  the  wide  range  control 
and  accuracy  of  a  slide  wire  approximately  twelve  times  as  long.* 


Some  Important  Helipot  Features 

HIGH  LINEARITY  — As  a  result  of  fulfilling  war¬ 
time  requirements  for  ultra-precision  circuit 
controls.  Helipots  are  mass-produced  with  lin¬ 
earity  tolerances  of  one  tenth  of  one  per  cent— 
and  even  less! 


PRECISE  SETTINGS— Because  of  the  many-times 
longer  slide  wire,  settings  can  be  made  with 
an  accuracy  impossible  with  single  turn  units. 

WIDE  RANGE— By  coiling  a  long  potentiometer 
slide  wire  into  a  helix,  the  Helipot  provides 
many  times  the  range  possible  with  a  single  turn 
unit  of  comparable  diameter  and  panel  space. 

LOW  TORQUE— Of  special  interest  for  servo  ap¬ 
plications— the  Helipot  has  unusually  low  tor¬ 
que  characteristics.  The  1V4”  Helipot  — for  ex¬ 
ample— has  a  torque  of  only  one  inch-ounce. 


in  other  words,  whereas  the  conventional  rheostat 
gives  approximately  300°  of  rototion,  the  10-tum  Hell- 
pot  gives  3600°  of  rotation  in  the  same  panel  space. 


Think  what  this  important  advancement  con  mean  in 
simplifying  the  control,  increasing  the  convenience  and 
improving  the  accuracy  of  your  electronic  equipment. 
Helipots  are  already  being  used  in  a  wide  range  of 
devices— depth  sounding  equipment,  flight  control  in¬ 
struments,  electrical  computors,  strain-gage  circuits, 
oscilloscopes  and  other  indicating  and  measuring  ap¬ 
paratus,  and  a  great  variety  of  other  electronic  appli¬ 
cations.  Let  our  engineering  staff  study  your  control  prob¬ 
lem  and  show  you  hOw  Helipots  can  increase  the  accur¬ 
acy,  utility  and  simplicity  of  your  equipment.  There's  no 
obligation,  of  course.  Send  for  the  Helipot  booklet. 

*For  lh«  ttondord  10  turn,  1!^*  unit.  Othnr  tizus  proportionol. 


HWrOTSor.ovo.«ot>.- 

ronflM-  ho' 

W.  or.  oho 


of  pot.nrto««‘«» 


•  THE  HELIPOT  CORPORATION,  1011  MISSION  STREET.  SOUTH  PASADENA  2.  CALIFORNIA 
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switch  and  broadcast  receiver,  mak¬ 
ing  possible  the  automatic  record¬ 
ing  of  programs  in  the  absence  of 
the  set  owner.  In  addition,  a  disc 
record  album  can  be  continuously 
embossed  on  the  film  from  the  turn¬ 
table  and  pickup  with  which  the 
console  is  equipped.  Other  record¬ 
ers  suitable  for  office  and  home  use 
are  also  available. 


Photoelectric  Control 

Photoswitch,  Inc.,  77  Broadway, 
Cambridge  42,  Mass.  A  general 
purpose  photoelectric  control  for  in¬ 
dustrial  purposes  has  been  an¬ 
nounced  in  Bulletin  317-P.  The 
equipment  operates  over  a  20-foot 


Protection 

for  Television  Cables 


ON  APRIL  15,  1946,  in  the  John 
Wanamaker  store,  New  York, 
the  Allen  B.  DuMont  Laboratories 
opened  the  world’s  largest,  most  mod¬ 
ern  television  studio.  Station  ward. 

Among  the  many  problems  solved 
was  that  of  providing  flexible  pro¬ 
tection  for  power  and  coaxial  cables 
running  from  the  master  terminal 
box  on  the  studio  floor  to  the  various 
mobile  camera  units. 


might  ruin  a  projection,  they  are  en¬ 
closed  in  IV^"  I.D.  American  Flex¬ 
ible  Shielding  Conduit,  Polyvinyl 
covered  to  specification  AN-WM-C- 
561A,  Type  2.  This  conduit  is  suffi¬ 
ciently  flexible  to  bend  easily,  tough 
enough  to  withstand  bumping  by 
camera  dollies,  and  the  synthetic  cov¬ 
ering  prevents  marring  of  the  studio 
floors. 


This  is  a  good  example  of  solving 
Because  damage  to  such  cables  a  difficult  conduit  hose  and  tubing 

problem,  by  combining 
^ —  flexible  metal  tubing 

-  A  -  made  from  the 


distance  within  l/20th  second.  Con¬ 
tacts  will  carry  up  to  10  amperes  at 
115  volts  a-c,  noninductive.  The 
equipment  operates  on  115-or  230- 
volt  lines,  50  to  60  cycles.  Weight  is 
11  pounds. 


proper 
alloy,  with  synthetic  cov¬ 
ering  provided  with  the 
required  physical  and 
electrical  characteristics. 


METAL  HOSE 

THE  AMERICAN  BRASS  COMPANY 

American  Metal  Hose  Branch 

General  Offices:  Waterbury  88,  Conn. 
Subsidiary  of  Anaconda  Copper  Mining  Company 


Temperature  Controller 

Automatic  Temperature  Control 
Co.,  34  E.  Logan  St.,  Philadelphia 
44,  Pa.  The  Electronic  Balancer  In¬ 
put  Controller  can  be  installed  in 
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Remember  the  cr)'stal  detector  in  the  first  radios  —  hunting 
lor  the  right  sjx)t  with  a  cat’s  whisker"?  For  years  the  detector 
lay  discarded  in  favor  of  the  vacuum  tube.  But  when  micro- 
\va\'es  came,  and  with  them  the  need  to  convert  minute 
energy  to  amplifiable  frequencies,  a  Bell  Laboratories’  scien¬ 
tist  thought  back  to  the  old  crystal. 

Silicon  of  controlled  composition,  he  discovered,  e.xcelled 
as  a  microwave  detector.  U  nlike  the  old-style  natural  cry'stals, 
It  was  predictable  in  performance,  stable  in  ser\'ice.  From 
'934  to  Pearl  Harbor,  the  Laboratories  developed  silicon 
units  to  ser\'e  microwave  research  wherever  needed. 


Then  Radar  arrived.  The  silicon  crystal  came  into  its 
own,  and  found  application  in  long-distance  microwave 
Radar.  Working  with  American  and  British  colleagues,  the 
Laboratories  rapidly  perfected  a  unit  which  the  Western 
Electric  Company  produced  in  thousands.  It  became  the 
standard  microwave  detector. 

Crystal  detectors  are  destined  to  play  a  big  role  in  electric 
circuits  of  the  future.  They  will  have  an  irnportant  part  in 
Bell  System  microwave  radio  relay  systems.  In  various 
forms,  they  may  reappear  in  radio  sets.  Here  again  Bell 
Laboratories’  research  has  furthered  the  communication  art. 


exploring  and  inventing,  devising  and  perfecting  for  continued  economies  and  improvements  in  telephone  service 


/■ 
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FRANKLIN  FIBRE-LAMITEX  CORP. 

WILMINGTON,  DEL. -187  LAFAYETTE  ST.,  NEW  YORK  13,  N.  Y 


FRANKLIN  LAMITEX 

(LAMINATED  BAKEUTE) 

is  so  versatile! 


Pictured  below  just  a  few  oi  the  many  thousand  various 
parts  we  at  FRANKLIN  FIBRE-LAMITEX  hove  furnished 
completely  machined  to  exacting  specifications  for 
coimtless  uses. 

SHEETS,  RODS  and  TUBES. 

FABRICATED  OR  MOLDED  PARTS 


any  electric  furnace  temperature 
control  system  to  proportion  the 
amounts  of  time  that  pulses  of 
power  are  applied  to  the  heatin^f 
elements.  With  this  system,  even 
control  of  temperature  is  effected 
by  varying  the  ON  and  off  pulse 
periods.  The  equipment  is  described 
in  detail  in  Bulletin  T-50. 


Induction  Heater 

Induction  Heating  Corp.,  389  La¬ 
fayette  St.,  New  York  3,  N.  Y.  When 
fully  loaded,  the  Model  1400  high- 
frequency  induction  heater  delivers 
1,400  Btu  per  minute.  It  is  semiaii- 


FRANKLIN  LAMITEX  and  VULCANIZED  FIBRE  ore 
highly  machineable.  We  will  machine  ports  if  you 
lack  facilities — or  furnish  sheets,  rods,  and  tubes.  Both 
LAMITEX  and  FRANKLIN  FIBRE  can  be  drilled,  tapped, 
turned,  threaded,  punched,  shaved,  bored,  reamed, 
sawed,  milled  or  completely  fabricated  into  automatic 
screw  machine  parts. 


tomatic  in  operation  and  includes  a 
number  of  safety  features.  The 
equipment  is  housed  in  a  metal  cab¬ 
inet  about  43x39x74  inches  and 
weighs  3,700  pounds. 


Check  these  FRANKLIN  LAMITEX  characteristics 

High  dielectric  strength 
Low  power  factor 
Low  moisture  absorption 
Remarkable  dimensional  stability 
High  mechanical  strength 
Low  co-efficient  of  thermal  exponsion 
Low  in  weight  (about  half  that  of  aluminum) 
^  Unaffected  by  solvents  and  oils 
*  Unaffected  by  most  organic  acids, 
dilute  mineral  acids  or  salt  solutions 


Touch  Timer 

Kay  Electric  Co.,  47  North  Grove 
St.,  East  Orange,  N.  J.  A  negative 
feedback  circuit  is  used  to  extend 
the  normal  RC  time  constant  so  that 
a  relatively  simple  circuit  can  be 
used  for  timing  intervals  as  long  as 
30  minutes.  A  pushbutton  control 
resets  the  timing  cycle.  A  heavy- 
duty  relay  included  in  the  equip¬ 
ment  can  be  used  to  make  or  break 
a  10-ampere,  115- volt  circuit.  The 


SEND  FOR  CATALOG  CONTAINING  COMPLETE  DATA, 
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THORDARSON  •  MEISSNER  •  RADIART  PRODUCTS  LISTED 
AND  RECOMMENDED  BY  PHOTO-FACT  FOLDERS. 


MEISSNER 


The  standard  of  comparison  for  more  than  24  years. 
Meissner  coils  are  precision-built  to  the  most  exacting 
requirements  and  are  designed  to  provide  long,  trouble- 
free  performance.  Unexcelled  in  stability  and  completely 
dust-proof,  these  quality  units  are  in  no  wise  affected 
by  humidity  changes.  Meissner  also  manufactures  a 
complete  line  of  standard,  plastic  and  Ferrocart  trans¬ 
formers  for  every  electronic  requirement! 


THORDARSON 

TRANSFORMERS 


RADIART 

.  AERIALS 


51  years  of  outstanding  reputation  for 
quality  transformer  manufacture!  That's 
what  you  get  when  you  buy  Thordarson. 
Also  manufacturers  of  Tru-Fidelity  Amplifiers. 


Rust- Proof  Aerials  for  all 
cars.  Featuring  Static 
Muffler  Ball  to  minimize 
corona  discharge  static 
and  Anti-Rattler  for  smooth  quiet 
operation.  Send  for  free  catalog. 


ELECTRONIC  DISTRIBUTOR  AND  INDUSTRIAL  SALES  DEPARTMENT 

MAGUIRE  INDUSTRIES,  INCORPORATED  •  936  NORTH  MICHIGAN  AVENUE,  CHICAGO  11,  ILLINOIS 
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OUR  24TH  YEAR  OF  DEPENDABLE  SERVICE  TO  AMERICAN  INDUSTRIES 

_  _  \ 


Aircraft  Receiver 

Radio  Corp.  of  America,  Camden, 
N.  J.  The  control  unit  of  the  AVR- 
104  receiver  has  been  designed  to 
fit  a  standard  instrument  panel 
opening.  The  i-f,  a-f,  and  power 


A  breakdown  in  any  part  of  your  product  is 
a  black  mark  against  you.  Black  marks  hurt  your 
reputation — your  sales — and  your  pocketbook! 


timer  is  available  for  two  ranges,  3 
seconds  to  5  minutes  at  $25  and  3 
seconds  to  30  minutes  at  $35.  Prices 
are  f.o.b.  East  Orange. 


Write  today  tor  tall  particulars. 
Address:  Engineeriag  Department — 


GLASER  LEAD  CO.,  INC. 

31  WyckofF  Avenue  Brooklyn  27,  N.  Y. 


VH 


Insure  against  them  in  all  soldering  opera¬ 
tions  by  using  Glaser  Solder  Products.  Manu¬ 
factured  under  scientific  control  and  made  to 
the  highest  attainable  quality  standards,  they 
give  positive  assurance  of  a  permanent  con¬ 
nection  on  ail  soldering  work. 

Every  day  more  engineers  are  specifying 
"Glaser"  when  issuing  requisitions  to  their  pur¬ 
chasing  agents  for  solders  and  fluxes.  They 
know  that  the  name  "Glaser"  stands  for  de¬ 
pendability. 

Glaser  Plastic  Rosin  Cora 
Mmmm  Soldars  axctad  Govtrn- 

OTHER  GLASER  PRODUCTS  mant  specifications  in  pur> 

'  .  -ity,  and  are  quarantaad  to 

Silver  Braiiag,  Solder  and  Flux  meet  A.S.T.M.  Class  a 

Fluxes  for  every  purpose.  specifications  for  solder. 

Lead  Products  of  every  description. 

Leod  Lining  of  acid  and  plating  tanks. 


units  can  be  mounted  in  out-of-the- 
way  places.  The  receiver  tunes  from 
200  to  415  kilocycles,  but  can  be 
switched  to  the  traffic  control  chan¬ 
nel  on  278  kilocycles  without  dis¬ 
turbing  the  position  of  the  variable 
tuning  dial.  A  range  filter  for  1,020 
cycles  is  also  available. 

Vibrator  Inverter 


Electronic  Laboratories,  Inc.,  In¬ 
dianapolis,  Ind.  A  new  vibrator  in¬ 
verter  has  been  designed  to  permit 
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FOR  IMPROVED  PERFORMANCE 


Unit  524 
Transcription 
Turntable 


f  irS  ON  THE  RECORD  tVS  ON  THEAIRI 


LfCt’s  start  with  the  record  Disc  re- 
rording  has  attained  a  fidelity  that  is 
uncanny.  Fine  quality  disc  recordings 
Actually  duplicate  the  original  sound, 
ft  is  difficult,  even  for  the  trained  ear, 
|o  distinguish  the  recording  from  the 
Viginal  live  studio  performance. 

What  has  this  to  do  with  FM  per¬ 
formance?  Just  this.  FM  sound  repro¬ 
duction  equipment  must  also  possess  a 
ifidelity  that  is  uncanny!  It  must  keep 
the  record  “alive”! 

FM  performance  puts  a  premium  on 
i)recision-built  sound  equipment  that 


has  been  engineered  for  wide  dynamic 
range,  minimum  distortion  content  and 
wide  frequency  range. 

Fairchild  has  long  anticipated  the 
needs  of  FM.  The  Unit  524  TVanscrip- 
tion  Tlirntable  is  one  outstanding  ex¬ 
ample.  It  is  completely  new.  The  drive 
and  turntable  were  designed  especially 
for  cabinet  installation.  IXirntable  noise, 
rumble  and  vibration  are  practically 
non-existent  because  of  the  unique 
method  of  mounting  the  drive  and  fil¬ 
tering  out  vibration. 


‘WOW’-free  operation  is  assured  at 
either  33.3  or  78  rpm  by  the  famed 
Fairchild  direct-from-the-center  drive. 
Evenness  of  speed  is  attained  by  a  care¬ 
fully  calculated  loading  of  the  drive 
mechanism  that  keeps  the  synchronous 
motor  pulling  constantly.  Intermittent 
grab  and  release  is  prevented  by  pre¬ 
cision  control  of  all  alignments. 

If  you’re  interested  in  FM  perform¬ 
ance  for  either  FM  or  AM  recorded 
broadcasts,  you’ll  be  interested  in 
Fairchild  Sound  Equipment. 


Earlier  FAIRCHILD  portable  models 
and  many  other  types  of  recorder-play¬ 
backs  will  give  vastly  improved  per¬ 
formance  if  equipped  with  an  adapter 
and  an  improved  Fairchild  Pickup  and 
Cutterhead.  For  complete  information 
address:  88-06  Van  Wyck  Boulevard, 
Jamaica  1,  New  York. 
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^  UNIT  542 

LATERAL  DYNAMIC  PICKUP 


UNIT  541 

MAGNETIC  CUHERHEAD 


SOUND 

EQUIPIHEN 


CAMERA  AND  INSTRUMENT  CORPORATION 
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HOW  TO  CUT 
INSPECTION  COSTS 


and  improve 

STANOAROS  OF 
PERFORMANCE 


ROTOBRIDGE,  automatic  high  sp^ed  mass  production  tester, 
reduces  inspection  dme,  releases  .^ed  labor  for  other  work. 
SPEED— ACCURACY:  ROm  ^^DGE  makes  bridge-type 
measurements,  comparing  completed  units  against  your  engi¬ 
neering  standard,  right  on  the  assembly  line,  at  the  rate  of  a 
circuit  a  second. 

Rotobridge  automatically  checks  wiring  errors,  resistance  and 
reactance  values  on  all  types  of  communication,  electrical  and 
electronic  equipment.  It  can  be  operated  by  unskilled  labor 
and  since  the  human  element  is  almost  entirely  eliminated, 
specified  tolerances  are  absolutely  maintained. 

VERSATILITY:  The  ROTOBRIDGE  is  adaptable  either  to 
several  small-sub  assemblies,  or  a  complete  set  comprising  as 
many  as  120  circuits.  Two  or  three  Rotobridge  units  working 
simultaneously,  will  inspect  a  30  or  40  tube  set-up  ...  in 
five  minutes. 


Write  for  Bulletins 


COMMUNICATION 

MEASUREMENTS 

LABORATORY 

120  Greeawicb  St.,  New  York  6.  N.  Y. 


Sales 

OfRces 


Chicago:  612  N.  Michigan  Avenue 
Washington:  924  19th  Street,  N.  W. 
Philadelphia:  Ridge  &  Crav4ord 


I 

I 
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operation  of  a-c  phonographs  or 
small  synchronous  motors  from  di- 
rect  current  lines.  With  115  volta 
d-c  input  the  inverter  furnishes  25 
watts  of  power  at  110  volts  60  cy¬ 
cles.  It  measures  x  4  x  inches 
and  weighs  14  ounces. 

Radioactivity  Detector 

Geophysical  Instrument  Co.,  Key 
Boulevard  and  Nash  St.,  Arlington, 
Va.  The  Model  5A  radioactivity  de¬ 
tector  is  extremely  light  and  com¬ 
pact,  designed  for  portable  opera¬ 
tion.  Indication  is  by  means  oi 


headphones.  An  internal  oscillator 
converts  135  volts  from  the  B  bat¬ 
tery  to  a  counter  operating  poten¬ 
tial  of  over  1,000  volts.  The  unit 
measures  7x5x3  and  weighs  A\ 
pounds  without  batteries.  It  cost' 
$150  complete,  f.o.b.  Arlington. 


I 


Impulse  Scaler 


Instrument  Development  Labor 
ATORIES,  817  E.  55th  St.,  Chicago  15, 
Ill.  A  new  scaling  device  for  the] 
counting  of  beta  particles  and 
gamma  rays  requires  only  a  Geiger 
tube  in  addition  to  the  self-con¬ 
tained  equipment  shown.  The  unit 


has  an  input  sensitivity  of  0.25 
volt  and  a  resolving  time  of  better 
than  5  microseconds.  It  is  little  af¬ 
fected  by  changes  in  line  voltage. 
Input  line  voltage  can  vary  between 
95  and  130  volts. 


Dial  Light 

Dial  Light  Co.  of  America,  Inc., 
900  Broadway,  New  York  3,  N.  Y. 
A  new  series  of  pilot  light  as.-^ein- 
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X.  5.  Mfir/rf  fUXIBU  SHAFTS 


Arrows  mean  variable  elements.  And  some  variable  elements,  such  as  condensers 
and  resistors,  call  for  operational  adjustments. 
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The  placing  of  these  elements  introduces  some  nice  problems  in  designing  the 
actual  equipment.  Naturally,  they  should  be  located  for  optimum  circuit  efficiency 
and  where  they  will  be  easy  to  assemble  and  to  wire.  At  the  same  time,  you  want 
to  locate  the  control  knobs  or  dials  for  convenient  operation. 

S.S.White  remote  control  flexible  shafts  offer  you  a  simple  answer  to  these  prob¬ 
lems.  Use  them  to  couple  the  variable  elements  and  their  controls,  and  you  are 
free  to  place  both  the  elements  and  the  controls  anywhere  you  want  them. 

You  will  find  too,  that  operation  with  these  shafts  is  as  smooth  and  sensitive  as  a 
direct-connection — regardless  of  curves  or  distance.  That's  because  they're  engi¬ 
neered  expressly  for  such  service.  ^ 


WRITE  FOR  BULLETIN  4501 

It  will  give  you  basic  facts  and  engineering  data  about  S.S.White  flexible 
shafts  and  their  application.  Every  engineer  should  have  a  copy. 


S.S.WHITB 


THE  S.  S.  WHITE  DENTAL  MFC.  CO. 


INDUSTKIAL 


DIVISION 


DIPT.  E .  10  EAST  40th  ST.,  NEW  YORK  16.  N.  V._ 
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nixmi  SNAHS  •  nixiBii  snam  foots  •  aircraft  acccssoriis 

SMAU  CUTTINO  AND  ORINDINO  TOOLS  •  SFiCIAl  FORMULA  RUBRIRS 
MOLOfD  RSSISTORS  •  FiASTIC  SKClALTltS  •  CONTRACT  fLASTICS  MOLDINO 


WHEN  CIRCUIT  SYMBOLS  INCLUDE  ARROWS 


STANDARD 

CRYSTALS 


For  commercial  airline 
civilian  aircraft,  marine, 
police,  railway, 
automotive,  and 
other  communication  equipment. 

Complete  line  for 
the  amateur  bands. 
Custom  units  for  laboratory, 
experimental,  and 
specialized  applications. 

Let  us  engineer  your 
frequency  control  problems. 

Write  for  free  catalog 
and  other  information. 


Standard  Piezo  Company 


Established  1936 


Quartz  Crystals  and  Frequency  Control  Equipment 


Si  RSMON,  Pa. 


Office  and  Development  Laboratory 
Gaki  isi  f.  Pa.,  P.  O.  B«*\  16-4 


C SRI  ISI  F,  Pa. 
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blies  uses  a  type  NE-51  neon  lamp 
and  a  light  shield  that  can  be  ro¬ 
tated  in  a  full  circle  to  light  the  de¬ 
sired  spot  at  any  angle  from  the 
source.  Incandescent  lamps  can  be 
supplied  for  this  series. 

Variable  Transformer 

Standard  Electrical  Products 
Co.,  Dayton  3,  Ohio.  The  Adjust-A- 
Volt  variable  transformer  is  used  to 
vary  115-  or  230- volt  input  between 


70  and  140  volt  output.  It  is  not  an 
autotransformer  and  so  serves  to 
isolate  primary  and  secondary  cir¬ 
cuits.  There  are  four  models  avail¬ 
able  with  maximum  rating  at  1,000 
volt-amperes. 

Induction  Heating 
Generators 

Radio  Corp.  of  America,  Camden, 
N.  J.  Two  new'  models  of  induction- 
type  electronic  power  generators 
are  available  with  2  and  15  kilo¬ 
watts  output.  The  low-power  equip¬ 
ment  illustrated  (Model  2-BL)  con¬ 
sists  of  a  generator  and  the  appli¬ 
cator  unit  shown  above  it.  Power 
output  of  the  equipment  can  be  con¬ 
trolled  over  a  wide  range,  and  is 
applied  through  a  timer  with  a  0.2- 
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TUNG-SOL  lamp  works  INC.,  NEWARK  4,  NEW  JERSEY 

Sales  Offices:  Atlanta  •  Chicago  •  Dallas  •  Denver  •  Detroit  •  Los  Angeles  •  New  York 
Also  Manufacturers  of  Miniature  Incandescent  Lamps,  AII-GIass  Sealed  Beam  Headlight  Lamps  and  Current  Intermittors 


m  ^  Of  course 

^  I’m  using 

a  TUNG-SOL  Miniature  Power 
Amplifier  in  this  circuit.  You  can  get 
them  now  for  a  wide  range  of  radio 
receiver  applications.  They  all  have 
high  efficiency  beam  construction  and 
provide  for  maximum  Class  A.  power 
output  ranging  from  %  to  4^2  watts. 
You’ll  find  that  miniatures  generally 
give  even  better  performance  than  the 
big  ones. 

Take  the  TUNG-SOL  SOBS  for  ex¬ 
ample.  It’s  designed  as  the  miniature 
tube  equivalent  of  type  S0L6GT.  It’s 
outstanding  for  its  power  sensitivity 
and  adaptability  to  AC/DC  circuits. 
In  the  SOBS  this  high  performance 
standard  has  been  maintained  with  a 
volume  displacement  of  less  than  30% 


of  the  S0L6GT.  With  the  same  internal 
dissipation,  the  bulb  operating  tem¬ 
peratures  are  higher  in  the  smaller 
envelope  but,  several  type  SOBS  tubes 
may  be  safely  operated  in  an  enclosed 
cabinet  with  an  ambient  temperature 
as  high  as  ISO”  centigrade. 

Small  physical  size  of  the  SOBS  and 
ability  to  perform  in  “transformer¬ 
less”  circuits  permits  unusual  applica¬ 
tions.  Power  outputs  as  high  as  1.9 
watts  afford  ample  volume  for  inter¬ 
communication  systems.  Its  ability 
to  deliver  130  milliamperes  of  peak 
plate  current  with  S.2S  rms.  volts 
signal  may  suggest  use 
as  a  trigger  tube  or  to 
operate  control  relays. 


Either  as  a  tetrode  or  triode,  its  trans¬ 
conductance  of  7S00  umhos  means 
high  circuit  efficiency.  Even  though  it 
is  designed  as  a  Class  A  power  ampli¬ 
fier,  the  SOBS  may  be  adaptable  to 
certain  oscillator  applications  at  low 
and  medium  frequencies. 

If  you  want  the  real  low  down  on 
this  or  other  unusual  applications, 
write  to  the  TUNG-SOL  Commercial 
Engineering  Department.  You  see 
those  fellows  are  only  interested  in 
tubes.  They  aren’t  set  builders.  Your 
consultations  with  them  are  held  in 
strictest  confidence. 


ICS 
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MAIL  COUPON 
FOR  FREE  36-PACE 
BOOKLET 


CAPITOL  RADIO  ENGINEERING  INSTITUTE— Wh«r*  Pro#*s$Io»oI  RadfoMM  St«dy 


Mr.  Radioman! 


Add  CREI  Technical  Training  to  Your 
Present  Experience— Then  Get  That 
Better  Radio  Job,  Make  More  Money 
— Enjoy  Security! 


to  120-secon(i  operating  period.  The 
circuit  of  the  15-kilowatt  equip¬ 
ment  can  be  keyed  as  high  as  40 
cycles  per  minute. 


CREI  OfFert  Yon  a  Plonned 
Program  of  Modern  Tech* 
nicol  Training  That  Eqnips 
Yon  to  Handle  Intrica^, 
New  Post-War  Eqnipment 


Lever  Action  Switches 

P.  R.  Mallory  &  Co.,  Inc.,  3029 
Washington  St.,  Indianapolis  6, 
Ind.  A  new  line  of  lever  action 
switches  is  available  including  3- 
and  4-position  types  with  shorting 


During,  and  now  after  the  war,  thousands  of  new 
men  have  joined  the  ranks  of  the  radio  industry 
creating  new  competition.  New  developments  create 
demands  for  more  advanced  technical  ability. 
Where  do  you  fit  into  this  picture.^ 

If  you  are  wise,  you  will  look  ahead  and  prepare 
for  the  good-paying  jobs  in  radio-electronics  and 
industrial  electronics.  Every  man  in  radio  today  has 
the  opportunity  to  see  the  amazing  developments 
that  are  taking  place,  as  well  as  to  see  the  imlimited 
opportunities  available  to  men  with  modem  techni¬ 
cal  training.  CREI  courses  are  constantly  being  re¬ 
vised  and  ketp-up-to-date  with  the  rapid  develop¬ 
ments  in  the  industry.  CREI  can  show  you  the  way 
by  providing  the  "tools”  to  build  a  secure  founda¬ 
tion  for  your  future  based  on  our  proved  method  of 
home  study  training. 

It  is  up  to  you  to  decide  if  you  will  be  a  "screw¬ 
driver”  mechanic,  or  capable  of  holding  a  responsi¬ 
ble  engineering  position.  Here’s  a  typical  example 
of  progress  made  possible  by  CREI  home  study 
training. 

^'The  fact  that  I  am  studying  with  CREI  impressed 
my  new  boss  very  favorably  and  I  feel  it  only  fair 
to  give  CREI  a  good  deal  of  credit  for  my  securing 
this  position** — Alex  N.  Steinberg,  420221 


FILTERING 


The  filtering  process  ap¬ 
plies  to  men  and  equip¬ 
ment  alike.  There  comes 
the  day  when  men  are  re- 
shuCBed  and  only  the 
“fittest”  survive.  Today’s 
and  tomorrow’s  oppor¬ 
tunities  in  radio-elearonics 
are  so  great,  that  no  man 
should  ever  allow  himself 
to  be  caught  in  the  "filter¬ 
ing  out”  process  by  being 
caught  unprepared  for  his 
job. 


or  nonshorting  contact  combina¬ 
tions.  Contacts  will  make  or  break 
circuits  carrying  120  milliamperes 
at  110  volts.  A  folder  is  available 
describing  Series  5000  and  6000 
switches. 


Capitol  Radio  Engineering  Institute 


Air  Capacitor 

North  American  Philips  Co., 
Inc.,  100  East  42nd  St.,  New  York 
17,  N.  Y.  A  new  high-Q  air  capaci- 


Washington  10,  D.  C. 


Branch  Offices: 

New  York  (7) :  170  Broadway  Chicago  (2)  ;  30  N.  LaSalle  St 


San  Francisco  (2)  :  760  Market  St 


2  Capitol  Radio  Eiigiiiooriag  Imtitato 
>  16th  aod  Porh  Rood.  N.  W..  Washiogtoa  10.  D.  C. 

■  OBlfTLBUBIf:  Plecte  tend  me  pour  free  boeklet,  ”Ymur 
!  OpportmMtp  in  fke  New  World  of  Bleetroniet",  together 

■  with  fntl  deteilt  of  pour  home  ttndp  training.  J  am  attaching 

■  a  brief  rotame  of  mp  eaperienee,  education  and  pretent 

■  petition. 


If  you  have  had  arofessienal  or  amatanr  radio 
axparienea  and  want  to  make  more  money,  let 
at  grave  ta  yea  we  have  the  tralnina  you  need 
te  aualify  far  a  better  radie  Jab.  To  help  ut 
intellifently  answer  your  inquiry— PLEASE 
STATE  BRIEFLY  YOUR  BACKGROUND  OF 
EXPERIENCE,  EDUCATION  AND  PRESENT 
POSITION,  (VetaransI  Trainiat  available 
under  G.l.  Bill.) 


Address 


State 


Occupation  . 

□  I  am  entitled  to  G.  I.  Bill  traininq. 
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Sorensen 

AC  Voltage 

Regulators 


output  voltage  held  to 


MODEL  250  (illustrated) 
has  a  range  of  25-250  va. 


output  voltage  stabilized  in  less  than  6  cycles. 


Jit* 


s<«' 


of  frequency  variations  dzl5%. 
of  load  variations--10%  to  100%  of  load  rating, 
of  input  voltage  fluctuations  from  95-125  volts, 
of  load  power  faaor. 


Distortion  less  than  5%. 

Output  adjustable  from  110-120  volts. 
Ranges  available  from  25-15,000  va. 
Easily  converted  into  current  regulator. 


Write  for  our  bulletin  giving  schematic  and  details 


SORENSEN  &  COMPANY,  INC. 

STAMFORD,  CONN. 
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KE5TER  Cored  SOLDERS 

Precise  engineering  and  excellent  craftsmanship — as  found  in  Statham 
Pressure  Transmitters  and  Accelerometers,  the  heart  of  which  is  the  tiny 
unit  being  soldered  in  the  photograph — usually  means  the  specification 
of  Kester  Cored  Solders. 

That  is  because  Kester  Cored  Solders,  themselves,  are  precision- 
engineered.  Flux  and  solder  as  scientifically  correct,  the  product  of  47 
years  of  laboratory  research  and  practical  field  experience,  exactly  suited 
to  the  kind  of  soldering  they  are  ex{>erted  to  perform.  They’ve  in  proper 
quantity  and  balance,  too,  for  best  performance. 

Equipment  built  with  Kester  Cored  Solders  performs  better,  with  a 
minimum  of  service  difficulties,  because  Kester  solder-bonds  are  perma¬ 
nent  and  hold  tight  under  operating  stresses  that  cause  ordinary  solders 
to  give  way. 

Kester  engineers  will  gladly  consult  with  you  on  the  selection  of  the 
proper  solder  for  your  operation.  Write  fully;  no  obligation. 


KESTER  SOLDER  COMPANY 

4204  Wrigktwood  AveBae  Chicago  39,  III. 

Eastoro  Pfoaf:  Nawork,  N.  J.  Camadian  Pfoiif:  Brantford,  Out. 


maintain  constant  voltage  output 
from  varying  lines  or  they  can  pro¬ 
vide  variable  voltage  from  relatively 
constant  lines.  Wave-form  distor¬ 
tion  is  seldom  encountered  and  the 
units  have  no  effect  on  the  power 
factor  of  the  circuits  in  which  they 
are  used. 

Resistance-Capacitance 

Bridge 

Aerovox  Corp.,  New  Bedford,  Mash. 
The  Model  76  resistance-capaci¬ 
tance  bridge  measures  capacitance 
from  100  micromicrofarads  to  200 


Photo  courtesy  Statham  Laboratories,  Los  Angeles 


1  tor  consists  of  two  sets  of  con  ven- 

CAD  DDCPICinil  Qni  nFRINfi  aluminum  cylinders  that  are 

rlllf  rlfbwlwiun  OULUIi.llll1U  '  moved  together  or  apart  by  means 

,  of  a  screw.  The  capacitance  range 
is  3  to  30  micromicrofarads.  The 

FOR  EVERY  SOUIER  JOB! 

light  enough  to  be  mounted  directly 
on  connecting  leads. 

Line  Voltage  Regulator 

General  Electric  Ck).,  Schenectady 
5,  N.  Y.  Induction  voltage  regu¬ 
lators  including  300-  and  600-volt- 
ampere  ratings  are  available  for 
communication  and  industrial  con¬ 
trol  use.  They  can  be  supplied  to 
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M! 

PROVIDES  LOAD-CARRYING  THREADS  IN  THIN  STEEL,  ALl'MINlIM,  COPPER  OR  BRASS  SHEET! 


O  Countersinking  of  hole  not  necessary. 
^  Reterse  side  of  sheet  remains  flush! 


4  Ring  clinches  fastener  and  pretents 
^  turning. 


/rs  THIS  EASY! 


Punch  straight  hole, 
insert  fastener  in  sheet, 
and  apply  pressure  to 
head  of  fastener. 


PEM  Self-Cliiiching  Fasteners  solve  assembly  problems 
involving  steel,  aluminum,  copper,  or  brass  sheet.  Because 
no  special  t(X)ls  are  required,  PEM  Self-Clinching  Fasteners 
save  time,  labor,  and  weight;  mean  faster,  more  sim¬ 
plified  clinching.  For  complete  information,  write  to 
Penn  Engineering  and  Manufacturing  Corporation, 
Doylestown,  Pennsylvania. 


Fnlargetl  to  show  detail. 
Available  in  thread  sizes 
#2-56,  #4-40,  #6-32,  #8-32, 
#10-32,  and  #10-24. 


PENN  ENGINEERING  &  MANUFACTURING  CORP.,  DOYLESTOWN,  PA. 
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SMOOTH  SPEED 


low  cost  for  12-  or  16-mch  discs. 
Cutting  pitch  is  110  lines  per  inch, 
outside-in.  Four  types  of  Astatic 
cutting  heads  are  presently  avail¬ 
able.  The  16-inch  model  sells  for 
$55. 

Signal  Tester 

Radolek  Co.,  601  West  Randolph 
St.,  Chicago  6,  Ill.,  is  distributor  for 
the  Precision  Electronic  Model  200 
signal  tester.  This  equipment  is 
essentially  a  low-capacitance  probe 


with  associated  detector  and  loud¬ 
speaker  used  in  tracing  modulated 
r-f  signals  through  receivers  and 
allied  electronic  equipment.  The 
equipment  operates  from  a  110-  to 
120-volt  60-cycle  line.  It  lists  at 
$29.95. 

Welding  Timer-Contactors 

Electronic  Products  Co.,  Box 
204A,  RR  1,  Aurora,  Ill.  Two  types 
of  timer-contactors  for  the  control 


You  can  be  sure  of  unvarying 
speed  for  your  phonograph 
mechanisms  when  you  equip 
them  with  GI  Smooth  Power 
Motors.  Test  any  unit  from 
our  wide  line,  in  laboratory  or 
in  service,  and  you’ll  find  it 
runs  with  accurate  uniformity 
at  its  rated  speed. 

But  you  want  other  qualities, 
too,  such  as  quick  pickup, 
quietness  and  all  ’round  velvety 
smoothness  of  operation.  You 
get  all  these  in  GI  motors  for 
phonographs,  recorders  or 
record-changefs. 

For  Smooth  Speed,  stands 
ardize  on  Smooth  Power. 


General 
Industries  co 


DIPT.  Ml 


IlYRIA,  OHIO 
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The  No.  59001 


PANEL  MARKING 


TRANSFERS 


JAMES  MILLEN 

MFG.  CO.,  INC. 

& 

MAIN  OFFICE  AND  FACTORY 

MALDEN 

MASSACHUSETTS 


I  Recording  Cutter 

Techno-Craft  Products  Co.,  200 
Hudson  St.,  New  York  13,  N.  Y. 
Two  models  of  a  new  recording 
mechanism  are  now  available  at 


Th«  panel  marking  transfers  have  14'' 
white  block  letters.  Special  solution 
turnished.  Must  not  be  used  with 
water.  Equally  satisfactory  on  smooth 
or  wrinkle  finished  panels  or  chassis. 
Ample  supply  of  every  conceivable 
word  or  marking  required  for  amateur 
or  commorcial  equipment. 


microfarads,  and  resistance  from 
10  ohms  to  200  megohms.  It  pro¬ 
vides  high  voltage  and  a  means  of 
checking  leakage  and  power  factor 
of  paper  and  electrolytic  capacitors. 


59001 


DOUBLY  PROTECTED 


. . .  from  accidental 
grounding  or  shorti 


ng 


BullDog  Ventilated 


LO-X  BUStribution  Systems 


VENTILATED  *'Lo-X”  BUStribulion  Duct,  manufactured  by  BullDog  lllec- 
tric  Products  Company,  Detroit,  makes  plant  layout  flexible  because  it 
gives  access  to  adequate  power  supply  up  to  4000  amp.,  wherever  it  is  needed. 
Wide,  flat  bus  bars  supported  by  porcelain  insulators  are  arranged  in  closely 
spaced,  paired  phase  design  to  assure  low  voltage  drop  by  reducing  reactance 
loss. 

The  expanded  metal  enclosure  of  Ventilated  *LO-X’’  BUStribution  Duct 
simulates  the  effect  of  bus  bars  in  open  air.  thus  reducing  temperature  rise. 
The  principal  dielectric  is  air,  which  is  the  only  insulation  that  has  the  faculty 
of  restoring  its  dielectric  properties  when  and  if  a  power  arc  occurs.  Bus  bars 
are  machine  wrapped  with  Nalvar  seamless  bias  varnished  cambric  tape  be¬ 
cause  of  its  high  uniformity  and  because  it  gives  the  required  balance  of  high 
dielectric  and  high  mechanical  strength. 

If  you  require  insulating  materials  with  good  physical  and  electrical  per¬ 
formance  characteristics  and  exceptional  uniformity— plus  prompt  delivery- 
plus  service,  it  will  pay  you  to  use  Natvar.  Get  in  touch  with  your  Natvar 
wholesaler  or  with  us  direct.  Write,  wire  or  ph  one. 


•  Vornithcd  combrk  —  straight  cwt  ond  bio* 

•  Vamith«d  cabi*  tap* 

•  Vornishcd  canvas 

•  Vamish*d  dock 

•  VornislMd  silk 

•  Vomishod  special  rayon 

•  Vomishod  Fib*rglas  doth 

•  Vornishod  papors 

•  Vornishod  tubings  and  sUsrvings 

•  Vornishod  idontifkation  morkors 

•  txKquorod  tubings  and  sloovings 

•  Extrudod  vinyl  tubing 

•  Extrudod  vinyl  idontifkation  morkors 

Write  for  Catalog  No  20 


THE  1TM)1TAL  VAmSHED  EE^UCTS 


/TELEPHONE 

RAHWAY  7-2171 

201  RANDOLPH  AVENUE 


CABLE  ADDRESS 
NATVAR:  RAHWAY,  N.  J. 
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Subminiature  tubes 

. . .  now  available  as  pentodes, 
tetrodes,  triodes  and  diodes 
operate  at  10  milliamperes  fila* 
ment  current,  10'^^  amperes 
grid  current,  and  have  an  ex¬ 
tremely  high  grid  resistance  of 
10'^  ohms  or  greater. 

Developed  for  the  finest  in 
instrumentation  — solving  the 
problem  of  making  new  and 
intricate  circuits  simple  and 
feasible. 

Victoreen  vacuum  sealed  hi- 
megohm  resistors  have  filled  the 
void  of  quality  resistances  in 
a  range  from  100  to  10,000,000 
megohms.  Used  wherever  re¬ 
sistors  of  these  values  require 
unusual  stability  with  relatively 
low  temperature  and  voltage 
co-efRcients. 

Write  for  our  free  technical  data 
booklet  on  tubes  and  resistors. 

THE  VICTOREEN  INSTRUMENT  CO. 

3800  PERKINS  AVENUE 
CLEVELAND  14,  OHIO 


of  weldinjT  equipment  are  available 
as  complete  units  that  can  be  added 
to  existing  welding  equipment. 
Quality  of  welds  is  improved  as  a 
result  of  applying  successive  cur¬ 
rents  in  the  same  phase  relation  by 
means  of  electron  tubes. 

!  Kilowatt  Transmitter 

Raytheon  Mfg.  Co.,  60  East  42nd 
St.,  New  York  17,  N.  Y.  The  RA- 
1000  is  a  high-level  modulated  j 
broadcast  transmitter  now  in  use. 
Noise  level  is  better  than  60  db  be¬ 


low  100  percent  modulation.  The 
unit  is  designed  to  operate  from  a 
230-volt,  3-wire,  3-phase,  50-  to  60- 
cycle  line.  The  audio  input  circuit 
requires  a  zero  level  for  100  percent 
modulation.  Output  circuit  feeds  a 
70-  to  250-ohm  transmision  line. 

I 

Literature _ 

Engineering  Service.  Conlan  De¬ 
sign  &  Engineering  Division,  1042 
Atlantic  Ave.,  Brooklyn  16,  N.  Y., 
offers  a  brochure  describing  its 
complete  engineering  service  from 
FCC  construction  permit  applica¬ 
tion  to  finished  studio  and  station. 

Tube  Manual.  Chatham  Electron¬ 
ics,  475  Washington  St.,  Newark  2, 
N.  J.,  presents  a  catalog  of  its 
tubes.  As  additional  products  be¬ 
come  available,  new  data  sheets 
will  be  issued. 

Resistor  Catalog.  Model  Engineer¬ 
ing  &  Mfg.,  Inc.,  Huntington,  Ind., 
successor  to  Carter  Radio  and 
Utah  Products,  offers  a  new  8- 
page,  2-color  catalog  describing  a 
line  of  vitreous  enameled  resistors. 

Relays.  Electra  Voice  Corp.,  5215 
Ravenswood  Ave.,  Chicago  40,  Ill. 
Telephone  type  relays  for  a-c  or 


VARIABLE  RESISTORS 
AND  BAND  SWITCHES 


3/8  -32  THREAD 


TYPE  WT 

pninuTs 


Speed  —  Security  •—  Savings! 

Type  WT  PALNUTS  greatly  simplify  and 
speed  up  mounting  of  variable  resistors  and 
band  switches  to  the  chassis.  These  one- 
piece,  self-locking  nuts  replace  a  regular 
nut  and  lock-washer.  Assembly  is  much 
faster  because  one  part  is  handled  instead 
of  two  and  assembly  can  be  made  with 
power  tools.  Type  WT  PALNUTS  are 
single  thread  nuts  made  of  resilient,  tem¬ 
pered  spring  steel,  accurately  formed  to  fit 
— 32-thread  bushings.  They  run  onto 
work  easily,  without  damage  to  parts. 
Smooth,  flat  base  fits  snugly  against  chassis. 
Double-locking  spring  action  holds  tight 
under  vibration.  Costs  less  than  regular  nut 
and  lockwasher — requires  no  more  space. 

WRITE  on  business  stationery  for  samples  of 
Type  WT  PALNUTS  and  engineering  data. 

TO  MANUFACTURERS  OF  VARIABLE 
RESISTORS  AND  BAND  SWITCHES 

Type  WT  Palnuts  are  ideal  for  replace¬ 
ment  parts.  Include  them  in  shipments  to 
service  trade. 


The  PALNUT  Co. 

77  CORDIER  ST,  IRVINGTON  11,  N  J 
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Some  of  these  Generator  Sets  are  available  in  large  supply  for 
immediate  delivery.  Suitable  for  "Stand  By"  power  and  for: 


Small  Machine  Shops 
Saw  Mills 
Radio  Stations 

Rural  and  Farm  Installations 


Summer  Caitips 
Trailer  Camps 
Carnivals  and  Fairs 
Mobile  Power  Units 


120  VOLTS  TO  4S0 


VOLTS 


GOVERNMEMT-OWNED  SURPLUS 


Many  Generator  Sets,  produced  by  well  known  manufacturers, 
are  now  available  from  government-owned  surplus.  The  majority 
of  them  are  new,  unused  sets,  and  include  the  following  types: 

Gasoline  engine  Alternating  current,  120  Volts  to  480 
driven  50  and  60  cycle.  Volts 

Diesel  engine  driven  single  and  three  KW  to  30  KW 

Direct  current  phase  From  $250  to  $2500 

120-250  Volts 

Used  sets  in  good  condition  at  further  reduced  prices. 

All  items  subject  to  prior  sale. 


If  you  can  claim  a  prioriW  obtain  your  priority  certificates  at  thd 
nearest  W.A.A.  Certifying  OflBce,  (contact  the  W.A.A.  Office  below  for 
Certifying  Office  addr^T  and  make  application  to  purchase. 

If  you  do  not  have  priority  status  simply  call  any  W.A.A.  Office  below; 
state  the  approximate  KW  rating  you  desire  and  the  type  of  machine. 
You  will  be  told  where  the  machines  you  wish  may  be  seen  and  how 
to  complete  purchase. 

If  the  equipment  you  wish  is  not  available  in  your  local  W.A.A. 
Regional  Office — ask  to  have  national  inventories  checked  by  the 
W.A.A.  Inter-Regional  Division  of  your  local  office  and  wait  for 
notification  of  availability. .  , 


All  Poftabl*  OanarqfoT  Sot*  or*  <ub|*ct  to*  priorily 
rogulation*.  VETERANS  OF  WORLD  WAR  II 
or*  InvHod  le  b*  cortMtod  at  lh«  War  A«Mt« 
Adminitlratien  Cortifying  OffIca  •orving  thair  area, 
and  than  to  purcha**  lha  oquipmanl  offorod  horain. 


EXPORTERS: 

Metl  (urplut  preparty  it  availobla  to  tha  export 
market.  Merchandise  in  short  supply  is  wMiheld 
from  export  and  if  such  Hems  appear  in  this  adver¬ 
tisement  they  will  be  so  identified  by  an  asterisk. 


NISTRATION 


GOVERNMENT 
OWNED 
V  SURPLUS  J 


'  Louisville  •  Minneapolis  •  Nashville  •  New 
/  Orleans  •  New  York  •  Oklahoma  Qty 
Omaha  •  Philadelphia  •  Portland,  Ore. 
Richmond  •  St.  Louis  ^  Salt  Lake  City  •  San 
Antonio  •  San  Francisco  •  Seattle  •  Spokane 


Offices  located  at:  Atlanta  -  Birmingham  t  \ 
Boston  •  Charlotte  •  Chicago  •  Cincinnati  \ 
Cleveland  •  Dallas  *  Denver  •  Detroit  •  Fort  \ 
Worth  •  Helena  *  Houston  •  Jacksonville 
Kansas  City,  Mo.  •  Little  Rock  •  Los  Angeles 
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With  DI-ACRO  Benders 


The  DI-ACRO  Bender 
makes  perfectly  centered 
eyes  from  rod  or  strip  stock 
at  high  hourly  production 
rates.  Both  eyes  and  cen¬ 
tering  bend  are  formed 
with  one  operation.  Any  size  eye 
may  be  formed  within  capacity  of 
bender  and  ductile  limits  of  ma¬ 
terial. 


DI-ACRO 
Bandar  No.  2 

Forming  radius 
6' approx.  Capa¬ 
city  round 
cola  rolled  steel 
bar,  formed  cold 
to  1*  radius.  Also 
Bender  No.  3, 
with  forming  ra¬ 
dius  9*  approx. 


DI-ACRO  Precision 
Bending  is  accurate  to 
.001'  for  duplicated 
parts.  DI-ACRO  Benders 
bend  angle,  channel,  rod, 
tubing,  wire,  moulding, 
strip  stock,  etc.  Machines 
are  easily  adjustable  for 
simple,  compound  and 
reverse  bends  of  varying 
radii. 


Sand  for  CATALOG 

“DIE-LESS”  DUPLICAT- 
ING  showing  many  kinds 
of  “dieless”  duplicating 
produced  urith  DI-ACRO 
oenden.  Brakes  and  Shears. 


DI-ACRO  Bandas 
No.  1 

Forming  radius  2* 
approx.  ~ 

round'col 
rolled  steel  bar  or 
equivalent. 


IMPRECISION  MAC 


DI-ACRO  h  Fraaoaacad  *'DII-ACKdM** 


■mm  mFD.  CO. 


321  EIGHTH  AVENUE  SOUTH  •  MINNEAPOUS  IS.  MINIS 


2  near 


LOW- TBMPmwnm^ 
SILVER  BRAUNS  ALUm 

EASy-FlO  45 

AMD 

BASY  m35  . 


BKAZINtr  TZMPBRATURtS 
SILVER  CONTENTS 
"BRAZING  COSTS 


Already  widely  approved  by  maijEifacturers  in  many  fields.  Find  out  how 
much  these  new  alloys  will  speed  up  your  metal  joining  and  cut  costs. 
Write  for  a  free  demonstration  —  or  place  a  trial  order  with  your  regular 
supplier  and  TRY  THEM  in  your  own  shop. 


Agen  ts  in  Principal  Cities 


I 


d-c  operation  can  be  supplied  in 
slow-operate,  slow-release,  two- 
section  coil  and  rotary  types  and 
are  illustrated  in  a  bulletin  re¬ 
cently  issued. 

Vacuum  Capacitors.  General  Elec¬ 
tric  Co.,  Syracuse,  N.  Y.  offers  16- 
page  bulletin  ETX-3  listing  vari¬ 
ous  types  of  vacuum  capacitors 
and  their  use. 

Resistor  Specification  Chart.  Shall- 
cross  Mfg.  Co.,  Collingdale,  Pa. 
Engineering  data  on  Akra-Ohm  re¬ 
sistors  appears  on  a  wall  chart 
that  shows  JAN  style  numbers  be¬ 
side  the  equivalent  manufactur¬ 
er’s  number. 

Ceramics.  General  Ceramics  and 
Steatite  Corp.,  Keasbey,  N.  J.  De¬ 
voted  to  insulators  for  electronic 
service,  a  48-page  catalog  (No. 
2,000)  has  just  been  issued  that 
includes  data  on  bushings,  coil 
forms  as  well  as  design  criteria 
for  other  classes  of  ceramic  insu¬ 
lators. 

Midget  Relays.  Ward  Leonard 
Electric  Co.,  31  South  St.,  Mount 
Vernon,  N.  Y.,  offers  Bulletin  104 
describing  midget  metal-base  re¬ 
lays  designed  for  aircraft  and 
other  applications  where  space 
and  weight  must  be  limited. 

Merchandising  Guide.  Superin¬ 
tendent  of  Documents,  Washing¬ 
ton  25,  D.  C.  The  Department  of 
Commerce  has  prepared  a  paper- 
covered  book  entitled,  “Establish¬ 
ing  and  Operating  an  Electrical 
Appliance  and  Radio  Shop”  that  is 
available  from  field  offices  of  the 
Department  or  from  the  Superin¬ 
tendent  of  Documents  for  35  cents. 
Legal,  credit  and  marketing  infor¬ 
mation  are  included  among  the 
many  other  topics  necessary  for 
consideration  in  the  radio  or  any 
other  business  field. 

F-m  Broadcast  Transmitters.  Fed¬ 
eral  Telephone  and  Radio  Corp., 
Newark  1,  N.  J.  Technical  data  on 
10-,  20-,  and  50-kilowatt  f-m  trans¬ 
mitters  is  presented  in  a  large 
booklet  just  issued. 

Metals  for  Electronic  Use.  West- 
inghouse  Electric  Corp.,  Box  868, 
Pittsburgh  30,  Pa.  offers  booklet 
B-3369  as  a  guide  to  the  properties 
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IVTOMATIC 

MANVFACWRIHe 


Automatic  proudly  presents  the  first  completely 
post-war  radio  component 

The  K-TRAN  makes  available  to  Radio  Receiver 
Designers  the  performance  of  pre-war  I.  F.  TRANS¬ 
FORMERS  in  a  size  to  match  the  smallest  tubes. 


The  K-TRAN  for  the  first  time  makes  possible  the 
use  of  standard  t  F.  Transformers  throughout  a  com¬ 
plete  line  of  chasses. 

Data  sheets  on  initial  types  are  now  available 
to  manufacturers. 


s 
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complete 


T.CTIC  fAiUCATION 


(AMERICAN  TELEVISION  &  RADIO  CO 


ST  PAUt  1  MINN 


fabrication 


OA^BROOr 


Printloid  fabrication  of  radio  dials 
and  windows  includes  all  types  of 
plastic  materials.  Here  are  two  ex¬ 
amples  ...  a  silk-screened  dial  of 
Vinylite  and  an  edge-lit  dial  window 
of  Lucite. 

Consult  with  our  design  staff  now. 


BATnRY  ELIMINATORS  . 

K>R  CONVEtTING  A.C.  TO  D.C 
N«w  Models  . . .  designed  for  tesHng 
D.C.  electrical  apparatus  en  regular 
A.C  lines.  Equipped  wMi  full-waua 
dry  disc  type  remfier,  msuring  nebe- 
less,  interference-free  epercrtSM  and 
extreme  long  life  and  reliability. 

D  Eliminates  Storage  Batteries  cmd 
Battery  Chargers. 

•  Operates  the  Equipment  of  MexU 
mum  Efficiency  at  All  Times. 

•  fully  Automatic  end  feet-Preof. 


Write  for  our  new  1946  catalog  of 
special  plastic  fabrications. 

The  House  That  Plastic  Built 


LOW  POWER  INVERHRS 

FOR  INVERTING  D.C  TO  A.C 
Another  New  ATR  Model . . .  designed 
for  operating  smell  A.C.  motors,  elec¬ 
tric  rexors,  end  e  host  of  ether  smcril 
A.C.  devices  frem  D.C.  velteget 


Your  profit  from  the  use  of  any  kind  of  equipment  hinges  on  its 
quality  of  performance  —  and  on  its  endurance.  Electronic  Engi¬ 
neering  Company  transformers  are  built  ruggedly  to  give  lasting 
service  under  all  conditions,  if  you  have  special  and  difficult  trans¬ 
former  problems,  feel  free  to  make  use  of  the  finest  engineering 
talent  and  most  complete  electronic  laboratories. 

Write  or  today. 


STANDARD  AND 
HEAVY  DUTY  INVERHRS 

FOR  INVERTING  D.C  TO  A.C 
Spocially  dasignod  for  oporating  A.C 
rodios,  talavisiaii  sots,  cunpliflars,  od- 
dress  systems,  cmd  radio  test  equip¬ 
ment  from  D.C  voltages  in  vehicles, 
ships,  trains,  planes,  and  in  D.C. 
districts. 

WRITE  FOR  NEW  CATALOG— 
JUST  Off  THE  PRESSI 


3223-9  WEST  ARMITAGE  AVE. 
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and  applications  of  recent  metal¬ 
lurgical  developments  of  impor¬ 
tance  to  the  field  of  communica¬ 
tions  and  electronics. 

Electronic  Voltmeters.  Ballantine 
Laboratories,  Inc.,  Boonton,  N.  J., 
has  summed  up  in  11  pages  its  line 
of  electronic  voltmeters  and  acces¬ 
sories,  including  amplifiers,  multi¬ 
pliers,  precision  resistors  and  an 
artificial  ear. 

Subminiature  Tubes.  Raytheon 
Mfg.  Co.,  60  E.  42nd  St.,  New  York 
17,  N.  Y.  Data  sheets  have  re¬ 
cently  been  printed  for  types  2E32, 
2E36,  2E42,  and  2G22  tubes. 

I 

Capacitors  and  Filters.  Tobe  I 
Deutschmann  Corp.,  Canton,  Mass,  i 
A  40-page  catalog  has  been  formu¬ 
lated  as  an  aid  to  engineers  in  the 
design  of  equipment  using  ca¬ 
pacitors  and  noise-elimination  fil¬ 
ters,  listing  the  complete  line  of 
these  items  manufactured  by  the 
company. 

High  Nickel  Alloy  Steel.  The  Car¬ 
penter  Steel  Co.,  Reading,  Pa.  has 
just  issued  a  comprehensive  book¬ 
let  on  special  steels  used  in  the 
electronic  and  allied  fields. 

Synthetic  Jewels.  Linde  Air  Prod¬ 
ucts  Co.,  30  East  42nd  St,  New 
York  17,  N.  Y.  A  27-page  booklet 
describes  the  properties,  produc¬ 
tion  techniques  and  uses  of  syn¬ 
thetic  sapphire,  ruby  and  spinel. 
These  artificial  gems  have  been 
used  for  precision  gages  and  sus¬ 
pending  meter  movements. 

Welding  Code.  American  Welding 
Society,  33  West  39th  St.,  New 
York  18,  N.  Y.  A  “Standard  Code 
for  Arc  and  Gas  Welding  in  Build¬ 
ing  Construction”  has  recently 
been  approved  and  is  for  sale  at 
50  cents  a  copy.  * 

Navigation  Survey.  Office  of  Tech¬ 
nical  Services,  Dept,  of  Commerce, 
Washington  25,  D.  C.  “The  Future 
of  Hyperbolic  Navigation”  by  J.  A. 
Pierce,  has  been  declassified  from 
the  secret  list  and  is  now  available 
through  the  Department  of  Com¬ 
merce  as  report  PB-2834  in  photo¬ 
stat  form  at  $2  or  on  microfilm  for 
50  cents.  Included  are  an  evalua¬ 
tion  of  Gee,  Loran  and  the  British 
Admiralty  Decca  system. 


RADIO 

PARTS 

ELECTRONIC 

EQUIPMENT 


New  CONCORD 
Dulletin-FREE! 

Hundreds  ef  Bargains! 
Scores  off  New  items! 


Hundreds  of 
RADIO  and 
ELECTRONIC 
NEEDS- Including: 

METERS  •  CONDENSERS 
RESISTORS  •  TESTERS 
TRANSFORMERS  •  TOOLS 
SPEAKERS  •  AMPLIFIERS 
HAM  RECEIVERS  &  GEAR 
PHONOGRAPHS 
RECORD  CHANGERS 
ANTENNAS  (AUTO) 
SWITCHES  •  RELAYS 

Nationally-Known 

Makes-Including: 

SHURE  •  ASTATIC 
CORNELL-DUBILIER 
ICA  •  DUMONT 
SUPREME  •  TRIPLETT 
G.  E.  •  WEBSTER 
PRESTO  •  AUDIODISCS 
GARRARD  •  THORENS 
CRESCENT  •  SOLAR 
MALLORY  •  R.C.A. 


Ready  now!  8  giant-size  pages  packed  with 
long-awaited  Radio  and  Electronic  Parts, 
Supplies  and  Equipment — new  merchandise, 
just  received — now  in  stock  for  IMMEDIATE 
SHIPMENT!  See  hundreds  of  items  for  every 
Radio  and  Electronic  need — for  building, 
repair,  maintenance — for  engineer,  manufac¬ 
turer,  service  man,  amateur.  Top-quality, 
standard-made  parts  (see  partial  list  at  left). 
Includes  many  new  and  scarce  items — scores 
of  money-saving  bargains — all  ready  for  ship¬ 
ment  at  once  from  CHICAGO  or  ATLANTA. 
Mail  the  coupon  below  TODAY  for  your 
FREE  copy  of  the  new  CONCORD  Bulletin. 


Old  foo  «e«"'  ? 

iC0HC0R0SNtV.C0MPUUCM«^ 


Showing  the  latest  and  greatest  selection 
of  guaranteed  quality  Radio  Sets,  Phono- 
Radios,  Radio  Parts,  Supplies,  Equip¬ 
ment.  Amateur  Gear,  Kits — plus  the  new 
Multiamp  Add- A- Unit  Amplifiers  — 
exclusive  with  CONCORD.  If  you  do  not 
have  the  new  COMPLETE  CONCORD 
Catalog,  check  coupon  below. 


7 


RADIO  CORPORATION 

LAFAYETTE  RADIO  CORPORATION 


CHICAGO  7 
901  \W.  Jackson  Blvd. 


ATLANTA  3 
265  Peachtree  Street 


CONCORD  RADIO  CORPORATION 
901 W.  Jackson  Blvd.,  Dept.G-SJ6,Chicago  7,  Ill. 
Please  rush  my  FREE  COPY  of  the 
new  Concord  Bulletin  of  Radio  Parts. 
□  (Check  if  you  also  want  new  Complete 
Concord  Radio  Catalog). 


Addrtis . 
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NEWS  OF  THE  INDUSTRY 

Edited  by  JOHN  MARKUS 

Production  statistics;  meetings  to  come; 
activities  of  electronic  manufacturers; 
changes  in  engineering  personnel 


radio  on  June  12,  two  appropriately 
positioned  microphones  picked  up 
the  same  programs  for  two  stations 
on  different  frequencies.  Listeners 
in  homes  used  two  receivers,  set  at 
right  angles  and  each  tuned  to  one 
of  the  stations.  Listeners  found  it 
easy  to  distinguish  where  the  vari¬ 
ous  instruments  in  the  orchestra 
were  placed,  and  found  the  return 
to  one-radio  listening  disillusioning. 


June  Radio  Set  Production 
Breaks  All  Records 

Though  still  far  short  of  present 
capacity,  the  radio  industry  broke 
all  previous  production  records  by 
producing  a  combined  output  by 
RMA  member-companies  of  1,052,- 
597  radio  sets  of  all  types  during 
June,  and  an  estimated  total  of 
1,378,000  sets  for  all  manufacturers 
(Civilian  Production  Administra¬ 
tion  figure).  The  month’s  output 
far  exceeded  the  prewar  monthly 
average  of  1,110,000  sets  in  1941. 

Production  of  f-m  sets  is  gaining 
steadily,  with  17,273  reported  for 
June  by  RMA.  The  shortage  of 
wood  cabinets  for  consoles  has  been 
largely  responsible  for  the  small 
f-m  receiver  output.  Over  88  per¬ 
cent  of  the  sets  were  table  models, 
and  6  percent  were  auto  radios.  In¬ 
dications  are  that  the  overall  total 
for  January-through-June  radio  set 
production  will  be  approximately 
5,500,000  sets.  In  this  half-year 
period  only  200  television  sets, 
chiefly  show  models,  were  reported. 

FCC  Predicts  Radio’s  Future 

The  master  plan  of  the  newly 
formed  Field  Engineering  and  Moni¬ 
toring  Division  of  the  FCC  for  polic¬ 
ing  the  enormously  expanded  post¬ 
war  radio  spectrum  went  into  effect 
July  1.  It  is  based  on  the  following 
estimated  increases  in  traffic  in  the 
next  few  years:  Standard  broadcast 
stations,  from  1,000  to  1,400;  f-m  sta¬ 
tions,  from  50  to  3,000;  television 
stations,  from  six  to  200  or  300; 
radio-equipped  planes,  from  3,000  to 
50,000.;  aviation  ground  stations, 
from  700  to  2,500;  two-way  service 
for  autos,  taxicabs,  etc.,  from  one 
city  to  200  cities;  radio-equipped 
railroads,  from  one  road  to  150;  fire 
department  radio,  from  no  cities  to 


5,000;  citizen’s  walkie-talkie,  from 
none  to  200,000;  amateur  operators, 
from  60,000  to  100,000. 

In  addition,  there  will  be  thousands 
of  channels  for  radar,  point-to-point 
communication,  diathermy,  and  other 
electromedical  and  industrial  heat¬ 
ing  machines,  ship-to-shore  com¬ 
munication,  multipurpose  micro- 
wave  relay  links,  and  many  other 
safety  and  special  services.  Further¬ 
more,  with  highly  developed  small 
radio  transmitters  readily  available, 
criminals  can  be  expected  to  increase 
their  efforts  to  use  this  weapon  to 
outwit  the  law. 

The  new  Division,  a  merger  of  the 
Radio  Intelligence  Division  (RID)  of 
wartime  counterespionage  fame  with 
the  Field  Division,  will  be  headed  by 
George  Turner  and  will  be  under  the 
Field  and  Research  Branch  of  the 
Engineering  Department  headed  by 
assistant  chief  engineer  George  E. 
Sterling.  George  P.  Adair  remains 
chief  of  the  Engineering  Depart¬ 
ment. 

Stereophonic  Broadcastins 

In  a  successful  demonstration  of 
three-dimensional  radio  program 
reproduction  over  the  Netherlands 


New  RTPB  Officers 

The  following  persons  will  serve 
as  officers  of  the  Radio  Technical 
Planning  Board  for  a  period  of  one 
year  beginning  October  1,  1946: 
Chairman — Mr.  Haraden  Pratt  of 
Mackay  Radio  and  Telegraph  Co.; 
Vice  Chairman — Mr.  J.  L.  Middle- 
brooks  of  the  National  Association 
of  Broadcasters,  Inc.;  Secretary — 
Mr.  George  W.  Bailey,  President  of 
the  American  Radio  Relay  League 
and  Executive  Secretary  of  the  In¬ 
stitute  of  Radio  Engineers,  Inc.; 
Treasurer — Mr.  Will  Baltin  of  the 
Television  Broadcasters  Associa¬ 
tion. 


Technical  Agencies  Merge 

Two  EMERGENCY  WARTIME  technical 
agencies,  the  Office  of  Production 
Research  and  Development  and  the 
National  Inventors  Council,  have 
been  quietly  merged  into  an  agency 
to  be  known  as  the  Office  of  Techni¬ 
cal  Services.  The  new  technical 
agency  will  be  headed  by  John 
Green,  who  was  chief  of  OPRD  and 
still  has  around  a  million  dollars  of 
its  funds  to  spend  in  support  of 
worthwhile  research  projects. 


FIGHTING  PRECIPITATION  STATIC 


Artiiicicd  lightninq  leaps  from  electrostatic  generator  to  Ventura  twin-engine  bomber 
suspended  from  roof  of  special  laboratory  at  Wold-Chomberlain  Airport.  Minne¬ 
apolis  during  research  on  causes  and  cures  for  precipitation  static 
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WPB  Statistics  on 
Production  of  Components 

The  following  statistics  give  the 
numbers  of  units  shipped  in  1944 
and  in  the  first  half  of  1945  for 
various  radio  and  radar  components, 
as  compiled  by  the  Radio  and  Radar 
Division  of  the  War  Production 
Board. 


SMAU 


LAR 


Capacitor  Siiipments 


Jan. -Dec. 
1944 


Jan. -June 
1945 


.Ml  types  total 


Mica,  total 


CM  20,  CM  25 

CM  30-35 . 

CM  40 . 


CM  45-50 . 

CM  55-61 . 

CM  65 . 

CM  70,  CM 
Types  7,  8  . . 


335,100 


Paper,  total 


169,247,700 


Nonmetallic  . 

Metal  case . 

Metal  tubular . 

Bathtub . 


121,905,300  117,311,900 
1,898,800  6.155,300 

:t8.802.000  8, 929, .500 

16,226,800  6,878,500 


Molded . 

Round  can.  . 
Rectantnilai  . 
Transmitting 


27,283,900  13.206,200 
8.199,000  6,253,100 
19.769,6fK)  10,513,200 
2,182,200  . 


Electrolytic,  total 


20,584.500  13, 856,. 300 


Cardboard  case .  . 
Metal  tubular.  .  . 

Bathtub . 

Octal  base  and 

tangular . 

Round  can . 


5.. 536.1500 

5. 277..  300 
1,268,400 


3,818,800 

4.025.200 

668,800 


3.36,300  .362,300 

8,166,000  4,981,200 


in  Vea&a£  FULLY  MOUNTED 


Ceramic  tubular .  66,932,100  36.777.700 

Others* .  6,088,300  11,022,100 
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CHICAGO  TRANSFORMER 


DIVISION  OF  ESSEX  WIRE  CORPORATION 

d  W);)  3501  WEST  ADDISON  STREET 


CHICAGO.  18 


TRANSFORMERS 


Five  newly-developed  vertical  shields,  accommodating 
core  stacks  with  to  center  legs,  now  make  it 
possible  for  Chicago  Transformer  to  fully-mount  both  small 
and  large  transformers  with  uniformity. 

Now,  in  radio  chassis  and  similar  applications,  both 
small  and  large  units  can  be  vertically-mounted  with  stand¬ 
ardized  assembly  techniques  — with  uniform  appearance 
in  the  finished  product. 

Adaptable  to  many  variations,  Chicago  Transformer’s 
complete  line  of  vertical  shields  allows  for  either  screw 
or  twist-lug  mountings  and  for  lead  exits  through  either 
sides  or  bottoms  of  the  shields. 


Heat  Detector 


Thermistor  bolometer  dereloped  ior  armed 
forces  by  Bell  Telephone  Laboratories  can 
detect  heat  of  person's  body  one^iuarter 
mile  away,  locate  chimneys  of  factories 
and  stacks  of  ships  at  niqht.  and  increase 
the  precision  of  temperature  measurements 
in  industry 


*  Includes  miscelbineous  types  such  as  lectrofilm, 
mica  button,  mica  toothpick,  mica  transmitting, 
mica  bakelite  tubular,  ceramic  potted,  ceramic 
transmitting,  ceramic  molded,  ceramic  bakelite 
tubule,  ceramic  button,  metal  case  potted,  paper 
bakelite  tubular,  gas  filled,  vacuum,  glass,  and 
power  factor  button. 

{Continued  on  page  261) 


TWO  NEW  SMAU  EASURN  HIGH  PRESSURE  PUMPS 

These  two  new  gear  pumps,  GW-1  and  GW-2.  were  speciiically  designed  by  Eastern 
to  provide  pumps  to  handle  small  volumes  of  liquids  at  high  pressures.  They  are 
designed  for  pumping  water  or  beverages.  In  addition,  there  is  the  GR  series  which 
is  particxUarly  suited  for  pumping  light  or  heavy  oils,  fuel  oil,  glycerine,  glycol, 
and  other  organic  lubricating  liquids.  Because  of  the  hardened  steel  gears  used  in 
the  GR  series  they  are  not  suited  for  use  with  water.  Neither  the  GW  nor  the  GR 
pumps  require  lubrication  and  therefore  the  possibility  of  any  contamination  of  the 
liquid  being  pumped  is  eliminated. 

CONSTRUCTION — The  pump  is  close  coupled  to  the  motor  and 
is  driven  through  a  splined  shaft.  Furnished  with  mechanical 
rotary  seal  only. 

MOTORS  AVAILABLE— Semi-enclosed,  totally  enclosed  or  ex¬ 
plosion  proof  Class  I,  Group  D. 

M 

BELT  DRIVE — An  adaption  of  this  unit  is  available  for  either 
belt  drive  or  drive  through  a  flexible  coupling.  Outlet  and 
inlet  tapped  for  t/i"  N.P.T.  pipe  thread. 

PRIMING  AND  CONTROL — These  pumps  are  self -priming  with 
6  foot  lift.  A  built-in  bypass  can  be  furnished  for  pressure 
regulation. 

ALLOYS — Available  in  bronze  with  special  hardened  stainless 
steel  gears.  Other  alloys  are  available. 

SPECmCAnONS— Type:  Gear.  Size:  12>/4"  *  7”  x  6".  Weight: 

26  lbs.  Power:  Vb  H.P.  split  phase  induction  motors.  Available 
in  different  motor  enclosures  in  110  volts  and  220  volts  A.C. 

Also  other  voltages. 

PERFORMANCE— See  Chart. 

Eastern  bnilds  many  other  types  of  small  industrial  pumps,  centrifugals  both  single  and 
multistage,  positive  pressure  pumps,  laboratory  pumps,  air  driven  pumps,  belt  driven 
pumps  and  special  purpose  pumps.  Whatever  pumping  need  yon  have,  especially  where 
small  size  and  light  weight  combined  with  high  performance  and  economy  of  operation 
are  factors,  con  be  quickly  filled  by  either  one  of  Eastern's  wide  range  of  standard  models 
or  a  specially  designed  pump.  These  pumps  ore  described  in  the  NEW  CATALOG. 
Write  for  your  copy  now. 

EASTERN  ENGINEERING  COMPANY 


84  FOX  STREET 


NEW  HAVEN,  CONN. 


Find  Out  Now  A  bout 

★  STAR  ★ 
CERAMICS 


There  ore  moaiy  kinds  for 
special  uses,  such  as  appli¬ 
cations  calling  for  resistance 
to  electricity,  heat,  moisture, 
chemicals  or  weathering 
agents.  There  ore  more  than 
a  score  of  formulas  in  ac¬ 
tual  production  at  one  time 
in  our  factory. 

Send  for  "A  Brief  Survey 
of  Technical  Characteristics 
of  Molded  Ceramic  Prod¬ 
ucts."  It  is  right  to  the  point. 


The  STAR 
PORCELAIN  CO. 

Electronics  Dept. 

Trenton  9,  N.  J. 


An  Invitation  to  All  Electrical  Designers  to 

TRY  SILVER  GRAPHALLOY 


FOR  BRUSHES 


FOR  CONTACTS 


High  current  density,  low  contact  drop,  low  Low  contoct  resistance  and  non-welding 
electrical  noise,  and  self-lubricofion  ore  when  breaking  surge  currents  ore  inherent 
characteristics  of  this  silver-impregnated  properties  of  this  unique  combination  of 
molded  grophite  that  may  be  the  answer  conductive  silver  and  self-lubricoting 


to  your  electrical  brush  problems 


graphite 


SAMPLES  of  Silver  Graphalloy  will  be  gladly  furnished  for  test  on  your  applications. 
Silver  Graphalloy  is  usually  silver  plated  to  permit  easy  soldering  to  leaf 
springs  or  holders.  Why  not  WHITE  NOW  for  your  test  samples? 

SUITE  UETAIIITIUP  pnoDnoATinu 


GRAPHITE  METALLIZING  CORPORATION 

1055  NEPPERHAN  AVE  •  YONKERS.  NEW  YORK 


JONES  500  SERIES 
PLUGS  and  SOCKETS 

(Heavy  Duty) 


P-506-CE 


S-506-DB 


Designed  for  5000 
Volts  cmd  25  am¬ 
peres  per  con¬ 
tact.  Socket  Con¬ 
tacts  of  phosphor 
bronse,  knife- 
switch  type,  sil¬ 
ver  plated.  Plug 
Contacts  ore  of 
hard  brass,  sil¬ 
ver  plated.  Made 
in  2,  4,  6,  8.  10 
and  12  Contocts. 
AU  Plugs  and 
Sockets  ore  Po¬ 
larised.  Long 
leakage  poth 
from  Terminal 
to  Terminal 
omd  Terminal  to 
ground.  Cops 
and  Brackets 


SLIP-RING  AND  COMMUTATOR  BRUSHES  AND  CONTACTS 


ore  of  Steel  padcerlzed.  Plug  and  Socket 
blocks  interchangeable  in  Caps  and 
Brackets.  This  series  is  designed  for  heavy 
duty  electrical  work  and  will  withstand 
severest  type  of  service. 

Write  for  Bulletin  No.  500  descrIUng  this 
line  of  Heavy  Duty  Plugs  and  Sockets. 


flOUJflRD  B  J0n€S  Division 

cincH  mfG  coRp 

2460  UU  G€0RG€  ST  CHICAGO  18 
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Resistor  Shipments 


Jan.-June 

1945 


All  types,  total . 

Fixed  ootupoeition, 
total . . 


Insulated.... 

Noninaulated 


Variable  oompoaition. 
Fixed  wire  wound . . . 
Variable  wire  wound. 
Precision  wire  wound 
Others* . 


*Includes  fixed  wire- wound-molded,  voltmeter 
multipliers,  attenuators,  suppressors,  etc. 


FOR  EXECUTIVES 


ments  their  technical  education,  and 
qualifies  them  for  rapid  advancement. 


Years  ago  it  may  have  been  all  right 
for  a  man  to  start  as  office  boy  and 
work  his  way  up  to  be  president  of 
his  organization.  The  process  took 
years,  but  there  was  no  better  way. 
Now  there  is  a  better  way. 

The  design  for  a  successful  execu¬ 
tive  has  been  ’’blueprinted.”  A 
straight-line  production  plan  has  been 
laid  out  for  quality  production.  The 
new  method  fits  into  today’s  fast  mov¬ 
ing  conditions,  and  accomplishes  in 
months  what  once  took  years. 


Prominent  Contributors 

Among  the  contributors  to  the  Insti¬ 
tute’s  training  program  are  such  busi¬ 
ness  and  industrial  executives  as 
HermanSteinkraus,President,Bridge- 
port  Brass  Company;  Thomas  J. 
W  atson.  President,  I  nternational  Busi¬ 
ness  Machines  Corp.  and  Clifton 
Slusser,  Vice  President,  Goodyear 
Tire  &  Rubber  Company. 


MEETINGS  TO  COME 

Sept.  10-14;  National  Chemical 
Exposition;  Coliseum,  15th  and 
Wabash  Ave.,  Chicago,  Ill. 


Sept.  16-20;  Instrumentation  for 
Tomorrow — Exhibit  and  Confer¬ 
ence;  Wm.  Penn  Hotel,  Pittsburgh, 
Pa. ;  daily  technical  sessions  and 
program  of  short  educational 
courses. 


Forging  Ahead  in  Business 

The  manner  in  which  the  Institute’s 
Modern  Business  Course  and  Service 
is  brought  to  subscribers  is  interest¬ 
ingly  told  in  the  fast-reading  pages  of 
’’Forging  Ahead  in  Business.”  The 
booklet  also  contains  a  great  deal  of 
information  about  the  problems  fac¬ 
ing  ambitious  men  who  are  looking 
ahead — and  who  want  to  move  aheacL 


Through  its  Modern  Business  Course 
and  Service,  the  Alexander  Hamilton 
Institute  prepares  men  for  executive 
positions  quickly  and  scientifically. 
Institute  training  is  basic  and  broad. 
It  provides  the  knowledge  that  en¬ 
ables  men  to  direct  the  activities  of 
others — not  in  one  department  or  one 
kind  of  business — but  in  all  depart¬ 
ments  of  any  business.  It  covers 
Accounting,  Marketing,  Finance  and 
Production. 

Training  of  this  kind  is  particularly 
valuable  to  technical  men  who  are 
often  denied  responsible',  high  sala¬ 
ried  positions  because  of  their  lack  of 
business  knowledge.  The  Modern 
Business  Course  and  Service  supple- 


OcT.  3-5;  National  Electronics 
Conf’ERENCE;  Edgewater  Beach  Ho¬ 
tel,  Chicago,  Ill. ;  technical  pro¬ 
grams  under  three  main  heads — 
communications,  industrial  elec¬ 
tronics,  and  scientific  and  medical 
developments. 

Oct.  10-11;  Television  Broadcast¬ 
ers  Association  Conference;  Wal¬ 
dorf-Astoria  Hotel,  New  York  City; 
latest  television  equipment  will  be 
exhibited. 


Nov.  11-14;  International  Muni¬ 
cipal  SIGNAL  ASSoaATiON — Annual 
Meeting;  Miami,  Florida;  technical 
program  and  exhibits  cover  fire  and 
police  radio,  signaling,  etc. 

Nov.  18-22;  The  National  Metal 
Exposition  ;  Municipal  Auditorium, 
Atlantic  City,  N.  J.;  held  in  con¬ 
junction  with  annual  meetings  of 
The  American  Industrial  Radium 
and  X-Ray  Society,  The  American 
Welding  Society,  The  American  So¬ 
ciety  for  Metals,  and  two  sections  of 


ALEXANDER  HAMILTON  INSTITUTE 
Dept.  441,  71  West  23rd  Street 
New  York  10,  N.  Y. 

In  Canada:  54  Wellington  Street, West.Toronto  I,  Ont. 
Please  mail  me,  without  cost,  a  copy  of  the  64-paKe 
book —“FORGING  AHEAD  IN  BUSINESS.” 

Name . 

Firm  Name . 

Business  Address . 

Position . 

Home  Address . 


Simply  fill  in  and  mail 
this  coupon,  and  a 
free  copy  of ''Forging 
Ahead  in  Business'' 
will  be  mailed  to  you. 
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Component 

July-Dee. 

1944 

Jan.-June 

1945 

Elec,  indicating  inatr., 
total . 

2,109.399 

1,724.778 

Paneb . 

Switchboards . 

Polarised  vanes . 

1,802,875 

88,940 

217,584 

1,482,597 

81,612 

160,569 

Vibratws . 

1,389,422 

1 , 559 , 255 

Switches . 

1 

6,917,574 

5,697,455 

Coaxial  cable,  feet . 

40,906 

35,468 

VIALS 

'VSiu 


COMPLETE  ELECTRONIC 
TIMING  AND  SWITCHING 
IN  ONE  PACKAGE  .  . 
FULL  WAVE  SYNCHRO 
NOUS  OPERATION 
APPLICABLE  TO  ANY 
NEW  OR  OLD  RESISTANCE 
WELDER  UP  TO  15  KVA 


E-l  Electronic  Timer 
controlling  weld  cycle 
on  5  KVA  Eisle/  preu 
type  welder 


F.  W.  STEWART  MFC.  CORP. 

4311-13  RAVENSWOOD  AVE 
CHICAGO  13  ILL. 

WfST  COAST  BRANCH 


MODEL  2405 


Milliammeter 


For  thirty-five 
years  we  have 
been  leaders* 
specializing  in 
the  creation  and 
production  of 
distinctive  etched 
and  lithographed- 
products. 

We  serve  the, 
leaders  of  many 
industries,  meet¬ 
ing  their  high 
standards  of 
quality  and  pre¬ 
cision  workman¬ 
ship. 

Send  for  new 
pamphlet 


SPECiriCATIONS 

NEW  “SQUARE  LINE*’  metal 
case,  attractive  tan '‘hammered** 
baked-on  enamel,  brown  trim. 

■  PLUG-IN  RECnriFIER  — 
replacement  In  case  of 
overloading  !■  as  simple  as 
chanking  radio  tube. 

■  READABILITY— the  most 
readable  of  all  Volt-Ohm- 
Milliammeter  scales — 5.4  inches 
long  at  top  arc. 


NEW  ENGINEERING 
NEW  DESIGN  •  NEW  RANGES 
50  RANGES 

Voltage:  5  D.C.  0-10-50-250-500-1000 
at  25000  ohms  per  volt. 

5  A.C.  0-10-50-250-500-1000 
at  1000  ohms  per  volt. 

Current:  4  A.C.  0-.5-1-5-10  amp. 

6  D.C.  0-50  microamperes— 
0-1-10-50-250  milliamperes— 
0-10  amperes. 

4  Resistance  0-4000-40,000  ohms — 4- 
40  megohms 

6  Decibel  -10  to  -1-15,  -i-29,  -f43, 
+49,  +55 

Output  Condenser  in  series  with 

A.C.  volt  ranges 


Model  2400  is  similar  bvt  has  D.  C.  volts 
Ranges  at  5000  ohms  per  volt. 

Write  for  complete  description 


IMpleit 


ELECTRICAL  INSTRUMENT  CO. 


i  uses  in  Z  " 

A  deve/ ' 

m  FnUhfui  ,1 

5  “'-'e  PoW/'?!"-' 

/  «»•  remote 

I  Mobiles  rZ- 
i  '"any  other"'* 

Produer 

>arErcuJ  1 

fc-  1 


NEW  E-l  ELECTRONIC 


SYNCHRONOUS  •  FULL-WAVE 


No  tpeciql  skill  is  required  to  operate  an  E-l  timer.  Single  knob 
control  gives  precision  timing  from  Vs  and  1  cycle  to  20  cycles 
in  single  cycle  steps.  Circuit  incorporates  automatic  splash 
quench  if  electrodes  are  opened  prematurely.  E-l  control  elimi¬ 
nates  mechonicoi  contactors  and  their  troubles  .  .  .  gas  tubes 
handle  all  current.  Unit  is  housed  in  sturdy  steel  case 


ELECTRICAL  IHDUSTRIES 


INCORPORATED 
R  AVENUE  NEWARK  4.  NEW  JERSEY 
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i 

1 

m  ai  PROFIT 

from  War  Surplus 

ELECTROHIC  EQUIPMENT 
and  COMPONENT  PARTS 


the  American  Institute  of  Mining 
and  Metallurgical  Engineers. 

Dec.  2-7;  National  Power  Show; 
Grand  Central  Palace,  New  York 
City. 

i 

BUSINESS  NEWS 

Herlec  Corporation,  Milwaukee, 
Wisconsin  announces  its  forma¬ 
tion  for  production  of  lines  of  fixed 
and  variable  ceramic  capacitors  and 
specialized  switches.  Organizers  | 
are  Thos.  B.  Hunter,  G.  M.  Ehlers, 
and  H.  W.  Rubinstein,  all  formerly 
with  Centralab. 

DX  Radio  Products  Co.,  Inc.  has 
moved  into  a  modern  three-story 
building  at  2310  W.  Armitage  Ave. 
in  Chicago. 

Pilotless  Plane  Division  is  the  new 
name  of  Ranger-Lark  Division  of 
Fairchild  Engine  and  Airplane  Cor¬ 
poration,  Jamaica,  N.  Y. 

Bell  System  has  filed  applications 
with  FCC  for  mobile  radiotelephone 
stations  along  three  more  high¬ 


JljLere’s  your  opportunity  to  get  into 
the  war  surplus  disposal  business. ..on 
a  profitable  basis.  Whether  you’re  a 
retailer,  wholesaler  or  manufacturer, 
this  Raytheon  catalog  makes  it  easy 
and  convenient  to  select,  order  and  get 
delivery  on  the  merchandise  you  want. 
It’s  just  like  ordering  regular  com¬ 
mercial  merchandise  from  a  wholesaler 
or  manufacturer. 

And  make  no  mistake  about  this:  all 
this  material  is  salable  merchandise— 
carefully  segregated  from  scrap-and- 


salvage  items.  It’s  all  electronic  gear 
made  for  the  Army  and  Navy  by 
America’s  finest  electronic  manufac¬ 
turers.  And  it’s  all  in  the  catalog  — 
described  —  indexed  —  priced  —  easy  to 
find  and  easy  to  order. 

It’s  the  most  complete,  most  usable, 
most  informative  catalog  of  war  sur¬ 
plus  electronic  equipment  yet  offered! 
Send  for  it  at  once— that’s  the  first  step. 
Then  get  in  touch  with  Raytheon  for 
technical  advice  and  merchandising 
plans  for  speedy  action. 


RAYTHEON  MANUFACTURING  COMPANY 

Acting  as  Agent  of  the  War  Assets  Administrator  Under  Contract  No.  5IA-3-46 
60  East  42  Street,  New  York  17,  N.  Y. 

West  Coast  Office:  2802  N.  Figueroa  St.,  Los  Angeles,  Cal. 


RAYTHEON 


SEND  FOR 
CATALOG 

TODAY 


ways,  between  Washington  and 
New  York,  between  Buffalo  and 
New  York  via  Albany,  and  between 
Los  Angeles  and  San  Diego.  Con¬ 
struction  of  stations  for  the  New 
York-Boston  and  Chicago-St.  Louis 
routes  is  already  under  way. 

Pacific  Electronics  announces 
that  its  newly  acquired  Los  Gatos, 
Calif,  branch  will  manufacture  and 
repair  all  types  of  transmitting  and 
rectifier  tubes,  and  may  also  enter 
the  receiving  tube  picture  within  a 
year. 

RCA  Victor  announces  a  field  dem¬ 
onstration  of  closed-circuit  televi- 


Electronics  Park 


RAYTHEON  MANUFACTURING  COMPANY 
Surplus  Property  Division 
60  East  42nd  Street,  New  York  17,  N.  Y. 

Gentlemen:  Send  your  new  Catalog  of  war  surplus 
electronic  equipment  to 

Same  . 

Company  . 

Street  Address  . 


Model  of  General  Electric's  new  electronics 
center  in  Syracuse,  N.  Y.,  being  studied  by 
Governor  Thomas  E.  Dewey  of  New  York 
(left)  and  Dr.  W.  R.  G.  Baker.  G-E  vice- 
president  in  charge  of  electronics 
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Caltron  Pickup  Cartridge 


A  vibrating  reed  magnetic  pickup  cart* 
ridge,  interchangeable  with  most  present 
cartridges.  Impedance  100  ohms.  No  trans¬ 
former  required,  feeds  directly  into  grid. 
Has  no  bearings,  pivot  or  rubber;  with¬ 
stands  wide  range  of  temperature  and 
humidity.  Ideal  for  transcriptions,  with 
brilliance  on  highs,  yet  free  of  scratch 
and  noise.  Output  2.5  millivolts.  Comes 


with  replaceable  metal  stylus . $6.00 

Sapphire  stylus,  additional .  1.05 


Oenerel  Electric  Cfrt.  Ne.  14FM  Pvrmel 
Copociter— I  mfd.  at  15000  working  volts  DC. 
Fillod  with  1  gallon  of  non-flammable  dielectric. 
Brand  new.  Horvey  Special  Price . $34.50 

Horvey  hot  o  complete  line  of  Cemell-Duliiiler 
cendensers,  Therdersen  transformers  ond  $y|. 
vonki  Oos-Type  Plash  Lamps  for  high  speed 
photography  ond  stroboton  units.  We  hove  oil 
types  In  stock  and  con  take  core  of  your  re¬ 
quirements  immediately. 

In  stock  now— HoUkrafters  S-36  tmd  $*97 
U.H.P.  Receivers  for  FM  and  high  frequency 
reception. 

Hammarlund  Super-Pro  NIedel  SP-^OO-SX 
ovoilobie  for  immediote  delivery . $933.39 

New  Cardwell  V.H.P.  OscUlcder  —  Uses  6F4 
tube;  complete  with  coils  for  141-151  Me.,  215* 

230  Me.,  415-455  Me . $10.90 

6F4  tube,  extro .  9.55 

Shore  Model  556  Super  Cerdleld  Dywomlc 
Mikes  in  stock. . $49.20 

996A-35-50  ohms;  62.9  db  below  6  mw.  for 
10  bar  signol. 

S96t-200-250  ohms;  63.9  db  below  6  mw.  for 
10  bor  signol. 

5S6C— 35000  ohms  for  high  impedance  tnpef; 
55  db  below  1  volt  per  bor. 


sion  at  the  Iowa  State  Fair  Aug. 
21-30,  using  the  new  image  orthi- 
con  television  cameras. 

Herman  H.  Smith,  Inc.,  Mount 
Vernon,  N.  Y.  has  been  organized 
by  H.  H.  Smith,  former  president 
of  Radio  Essentials,  Inc.,  to  manu¬ 
facture  a  line  of  radio  and  elec¬ 
tronic  components  and  hardware. 

British  Engineers’  Association, 
32,  Victoria  St.,  London,  S.W.l,  has 
reopened  the  BEA-REGISTER, 
which  provides  a  means  for  U.  S. 
engineers,  merchants,  and  import¬ 
ers  to  become  linked  with  progress 
of  British  industry. 

Submarine  Signal  Co.  becomes  the 
Marine  Division  of  Raytheon  Mfg. 
Co.,  its  parent  as  a  result  of  their 
recent  merger.  All  Raytheon  prod¬ 
ucts  with  marine  applications,  in¬ 
cluding  the  new  Mariners  Path¬ 
finder  radar,  will  be  distributed  by 
Submarine  Signal’s  present  sales 
and  service  organization  along  with  I 
Fathometers,  radio  direction  find¬ 
ers,  and  radiotelephones.  The 
Marine  Division  of  Mackay  Radio 
and  Telegraph  Co.  will  continue  to 
act  as  agent  for  distribution  and 
maintenance  of  Raytheon’s  marine 
radar  in  the  U.  S.  | 

i 

WE.ST0N  Electrical  Instrument  | 
Corporation  is  constructing  a  T-  | 
shaped  three-story  engineering  and  ! 


Artist's  sketch  of  new  Weston  building 


administration  building  on  the 
plant  grounds  at  Newark,  N.  J. 
Floor  area  will  be  78,620  square 
feet. 


lUmemUK,  HARVEY  Aoa 

\(oJUju.  SekuL  us  ohdeh.  mw! 


HARVEY 

RADIO  COMPANY  INC 


103  WMt  43rd  St.,  N9w  York  18,  N.  Y. 


Reeves  Instrument  Corporation 
is  the  new  name  of  the  Apparatus 
Department  of  Reeves-Ely  Labor¬ 
atories,  Inc.,  New  York  City.  It  is 
set  up  as  a  new  corporation  but 
ownership  and  management  remain 
the  same  as  before. 

Columbia  Broadcasting  System 
is  starting  construction  of  build¬ 
ings  to  house  experimental  color 
television  equipment  on  its  Mount 


advance 

ft 


RELAYS 


LOW  POWER 

COMMUNICATIONS  RELAY 


SERIES  100M  A.C.  TYPE 
SERIES  200M  D.C.  TYPE 

Advance  Relays  in  this  design  are 
war-tested  units  of  sturdy,  com¬ 
pact  construction  especially  de¬ 
signed  for  aircraft,  marine,  mobile 
and  portable  radio  communication 
equipment.  It  Is  exceptionally  well 
adapted  to  applications  of  low  pow¬ 
er  and  low  frequency  R.F.  The  In¬ 
sulation  used  is  laminated  phenolic 
(linen  base  electrical  grade).  All 
contact  and  coil  terminals  are  ex¬ 
ceedingly  well  insulated  and  spaced. 
All  terminals  are  securely  riveted 
to  the  Insulation.  Upper  and  lower 
stationary  contact  holders  are 
formed  from  .037  hard  copper.  Mov¬ 
able  armature  contact  blades  are 
phosphor  bronze  springs.  Contacts 
are  pure  silver. 

Relays  in  this  series  are  available 
In  —  D.P.S.T.  (normally  open  or 
closed  contacts)  D.P.D.T.,  D.P.D.T. 
plus  S.P.S.T.,  D.P.D.T.  plus 
S.P.D.T.  3/16"  or  contacts  avail¬ 
able  on  any  of  these  types. 

Coil  voltages  range  from  1  to  440  v. 
A.C.  (4  watts  min.  operating  pow¬ 
er)  —  2  to  150  V.  D.C.  (1.5  to  2 
watts  min.).  Continuous  operation 
Is  possible  without  danger  of  over¬ 
heating. 

Overall  Size  of  relay  —  1  6/16- in. 

X  1^-in.  X  1  9/16-in. 

Write  for  Relay  Catalog  and  Price 
List. 


Bdvance^e/ays 


ADVANCE  ELECTRIC  &  RELAY  CO. 

1260  W.  2nd  St..  Los  Angeles  26,  Calif..  U  S  A. 
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REEVES  SOUNDCRAFT  CORP. 

10  EAST  52  ST.,  NEW  YORK  22.  N.  Y 

• .  ■-  PROGRESS  AlONG  SOUND  LINES  = 


D.  M.  STEWARD  MFC.  COMPANY 


Aioirr  Ofh(*  A  Works  Choffonoogo,  Tenn 
Needham,  Moss.  Chicago  Los  Angeles 


New!  PRESSUREGRAPH 

LMEU  PRESSURE  —  TIKE  —  CURVE  IRDMETUR 


on  screen  ol 

cathode  ray  os-  ^ 

cillograph,  the  f  |  11 

pressure  -  time-  sCSiQI  I 

curve  ol  any  in-  L  J  I 

temol  combus- 

engine,  I 

pump,  airline,  or  II  %nJy i 

pressure  B 
system  where 
pressure  meos-  IIIBIIiJhP 
urements  are  de- 

sired.  Covers  wide  range  ol  engine  speeds  and  pressures  up  to 
10,000  p.sd.  Screws  into  cylinder  and  con  be  calibrated  using 
static  pressures.  Vibrotion-prool.  Accurate,  dependable  lor  Ire- 
quent  engine  timing.  Simple  operation — only  one  control. 

Also  Pioneer  Manufoeturers  of 
THE  FAMOUS  StSSjjT^  BATTERY  ELIMINATORS 


The  Features 

You've  Always  Wanted 

You  Can  Now  Have 


•  MORE  PERFECT  RECORDING  SURFACE.  Sound- 
croft  diucE  ore  fro*  from  oulor-edgo  ridgo  — 
incroocing  utoblo  oroo. 

•  "FULL  SPECTRUM**  FREQUENCY  RESPONSE. 
Sowndcrofl't  (uporior  cooting  consistoncy  pro- 
vidoE  Iho  utmoEt  roEiEtonc*  to  break  down  of 
minute  modulotionE. 

•  LOWER  SURFACE  NOISE.  Soundcroft'E  coating 
locquer  Ie  filtered  microEcopiiolly  clean,  thuE  re- 
ducirtg  the  moct  obiectionol  type  of  surface  noise, 
the  crackle. 

•  NEW  QUALITY  CONTROL.  Soundcrafl*E  Disc 
Prever,  o  revotutionory  testing  method,  elimi- 
rsotes  the  need  for  numb-iring  discs  to  locale  poor 
tots  in  the  field.  **Mistake“  discs  cannot  reach 
the  shipping  room. 

Ask  your  radio  ports 
jobber  or  write  for  the 
new  Soundcroft  Catalog 


A  complete  line — Models  for  use  anywhere  beyond  high  line  connections 
(operate  from  6  volt  battery) — Others  for  operation  from  110  Tolt  AC.  Improve 
radio  reception.  Greatly  reduce  battery  drain. 

For  eomplefe  Mormatloa  write 

ELECTRO  PRODUCTS  LABORATORIES 

549  W.  Randolph  St.,  Chicago  6,  III.  Phone  STate  7444 


Awe  (fMt  Sees 
tkeSota^SifsIm'f 


It's  a  bi-monthly  magazine 
of  authoritative  information 
'  ^  »  on  new  developments  in  the 

,  J  capacitor  field.  Simply  fill 

in  the  coupon  below  if  you'd  like 
to  receive  this  easy-fo-read 
technical  publication  regularly  at  your 
home  or  at  your  office.  JUt 


STEATITE 

CERAMIC 


Properties  end  Choroeteristies  ef  Our 


ComproMivo  Strongth  . ••.OOO  lbs.  p«r  Kouaro  inch 

Tanail*  Strangth  .  7.200  lb«.  par  squara  inch 

Plaxural  Strength  . lO.SOO  lb*,  par  squara  inch 

Modulus  of  Rupturo  . 20,000  lbs.  par  square  inch 

Oieloctrie  Strength  . 23S  volts  per  mil 

!iSrV£»5-.*!r*..::::;:::S:5S  1  '."ass.,'; 

Power  Factor  . 440  I  *  megacycle 

Sulk  Specific  Oravity . 2.004a.o 

Density  (from  above  gravity) ...  0.090  lbs.  par  cubic  inch 

Hardnass  (Mohr  scale) . 7.0 

Softening  temperature  . 2,3SO°F 

Linear  (fWHcient  ef  Sxpansion . 0.13x10—6 

Moiaturo  Abaorption  (ASTM  0-lie.42-A) . O.OOOAb 

Design  engineers  and  manufaaurers  in  the  radio, 
elearical  and  electronic  fields  are  finding  in 
LAVITE  the  precise  qualities  called  for  in  their 
specifications  .  .  .  high  compressive  and  dielecuic 
nrength,  low  moisture  absorption  and  resistance 
to  rot,  fumes,  acids,  and  high  heat,  llie  exceed¬ 
ingly  low  loss-factor  of  LAVITE  plus  its  excellent 
workability  makes  it  ideal  for  all  high  frequency 
applications. 

We  will  gladly  supply  samples  for  testing. 


Solar  Manufacturing  Corporation 

285  Madison  Avenue,  New  York  17,  N.  Y. 

Gentlemen:  Please  tend  me  the  SOLAR  SYSTEM  regularly,  starting  with  the  current  issue. 


Address. 
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CiOVIR  ® 


p  Western  Electric 

CLOVER-LEAF  ANTENNA 


eo<> 


You’ll  be  in  clover  when  you  get  your 
new  54A  CLOVER-LEAF  FM  broad- 
cast  antenna !  Bell  Telephone  Labo¬ 
ratories  designed  it  with  lots  of  im¬ 
portant  features.  Here  are  twelve  of 
them  — look  ’em  over: 
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ASK  YOUR 


GraybaR 

BROADCAST  REPRESENTATIVE 


Th*y  avsn  wrote  a  booklet  about  it.  Want  one? 


1.  High  Efficiency. 

2.  Circular  azimuth  pattern. 

3.  Simple  to  install. 

4.  Minimum  maintenance. 

5.  Exceptionally  rugged  design. 

6.  50  KW  power  capacity. 

7.  No  multiple  transmission  lines. 

8.  No  phase  correcting  lines  or  networks. 

9.  No  balancing  lines. 

10.  No  field  or  factory  antenna  tuning. 

11.  No  insulators — full  lightning  protection. 

12.  No  end  seals. 


<7a  Supply  » 

imes  wore  placed  ourselvts  ^ 

sonnet,  and  improve  deliveries  and  wain-  M 

a  better  position  to  •  P  and  perform-  M 

44  N.  Mopiswood  Av*. 


■ A  '.r  \  , 


Wilson  site  in  California.  The 
transmitter  to  be  used  is  completed 
and  under  test  already  in  the  East. 


General  Electric  Co.  has  installed 
an  Army  Air  Forces  APS-10  radar 
set  in  the  Experimental  Airlab  Flag¬ 
ship  of  American  Airlines  to  deter¬ 
mine  the  practicability  of  radar  for 
anticollision  and  weather-detecting 


R.  W.  Ayer  of  Americcm  Airlines  points  to 
radar  scope  on  flagship  Alpha.  W.  R.  6. 
Baker,  G-E  vice-president  is  seated  in 
pilot's  compartment 


purposes  on  commercial  airlines. 
Equipment  weighs  125  lb,  and  gives 
a  ppi  presentation  on  a  five-inch 
scope  located  near  the  pilot.  Antenna 
under  nose  of  plane  rotates  to  give 
360-degree  scanning. 


Lear,  Inc.  has  leased  68,000  square 
feet  of  floor  space  in  the  Grand 
Rapids  plant  of  General  Motors,  for 
construction  of  variable  capacitors 
and  other  radio  components  and  for 
production  of  radio  consoles,  radio- 
phonograph  combinations,  record 
changers,  and  wire  recorders. 


Westinghouse  Radio  Stations,. 
Inc.  was  granted  FCC  permission 
to  construct  an  Experimental  Class 
2  radio  station  for  operation  of  a 
portable  radar  set  to  be  used  in  de¬ 
termining  the  position  of  Strato- 
vision  aircraft.  A  waiver  of  FCC 
rules  for  transmission  of  call  letters 
was  granted.  The  2,700-2,900  mega¬ 
cycle  band  was  assigned  on  a  tem¬ 
porary  basis. 


National  Bus  Communications,. 
Inc.  has  been  granted  its  petition 
that  the  FCC  make  available  for  ex¬ 
clusive  use  of  the  intercity  pas¬ 
senger  bus  industry  a  certain  num¬ 
ber  of  the  frequencies  available  in 
the  new  general  mobile  radio  serv¬ 
ice.  Determination  of  the  exact 
number  of  frequencies  to  be  as¬ 
signed  has  been  deferred  by  the 
FCC  pending  results  of  experimen¬ 
tal  operation  and  a  subsequent  hear- 


f 


NAMES 


We  can't  blame  you 
for  wanting  the  big¬ 
gest,  most  famous- 
name  parts.  But  did 
I  you  ever  expect  to  get 
them  as  fast  as  you  do 
from  Lafayette?  In¬ 
variably  your  order  is 
shipped  the  same  day 
it  is  received.  Try  us 
and  see! 


imTETTE 


DEPT.  EH-6  100  SIXTH  AVE.,  NEW  YORK  13.  N.  Y. 
110  FEDERAL  STREET,  BOSTON  10.  MASS. 
24  CENTRAL  AVENUE,  NEWARK  2.  N.  J. 


JELL  IFF  ^ 

WIRE 


ALLOY  “A" 

Nicksl  •  Chro- 

V  mium  alloy.  ^ 


Nickol  •  Chro- 
V  miwm  alloy, 
rotittt  oxidation  at  olo- 
Yotod  lompofoturot  wp 
to  2100°  r.  AIm  wtod 
for  fixod  non-mognotic 
ro«ittor>.  Rosittt  chomi- 
col  corrosion  by  many 
modia.  Specific  resist* 
onco  690  ^ms/C.M.F 


ALLOY  "C 

Nominally 


Nominally 
60%  Nickoi, 
15%  Chromium,  bol- 
onco  iron.  High  rosisl- 
onco  to  oxidation  and 
corrosion.  Widely  used 
for  resistors  for  radio, 
electronics,  industrial 
equipment  and  domes¬ 
tic  applionces.  Operot* 
ing  temperotures  up  to 
1700°  F.  Specific  resist* 
once  675  Ohms/CAA.F. 


ALLOY 

Copper  *  Nick* 

^  el  alloy  with  V 
constant  resistance  over  and  di 
wide  range  of  temper*  KANTHA 
olures.  Specific  resist-  ond  stri| 
once  294  Ohms/C. M.F.;  toining  I 
temperature  coefficient  Aluminu 
O.OOOO2  Ohms  per  deg.  for 

F.;  32*212  deg.  Used  in  peraturc 
winding  of  precision  re-  F.  Three 
sisters,  rheostots,  ond  AS,  DS; 
electrical  meosuring  de-  837,  81! 
vices.  resoectie 


KANTHAL 

Exclusive 
manufcKturers 
and  distributors  of 
KANTHAL  wire,  ribbon 
ond  strip.  An  alloy  con¬ 
taining  Iron,  Chromium, 
Aluminum  and  Cobalt 
for  operating  tem¬ 
peratures  up  to  2462' 
F.  Three  grades,  A*1, 
AS,  DS;  resistivity  872, 
837,  812  Ohms'C.M.F., 
respectively  at  M°  F. 


AS  FINE  AS  .0006”  FOR  ALLOYS,  ’A,'  ‘C,*  ‘AS’ 

All  alloys  ore  produced  in  high-frequency  type 
furnoces,  and  ore  furnished  bright,  dull,  or 
onodiied  finish;  also  with  enamel,  silk  or 
cotton  insulotion 


m 


THE  C.  0.  JEUIFF 

MFG.  COtP. 

SOUTHPORT,  CONNECTICUT 


magnetic 


ron 


powders 


The  high  magnetic  performance,  exceptional  Q  and  high 
permeability  assured  by  Mepham  magnetic  iron  powders 
(hydrogen  reduced)  is  daily  advancing  them  into  wider  use 
in  high-frequency,  tele-communication  and  magnetic  appli¬ 
cations.  . . .  Strictly  controlled  production  and  attractively 
low  prices  suggest  consultation  with  the  Mepham  Technical 
Staff. . . .  No  obligation. . . .  Send  for  literature. 

Go  So  MEPHAM  CORPORATION 

Established  1902  •  •  East  St.  Louis,  Illinois 


tk,  FINEST  MICROPHONES 


AMPERITE 
VELOCITY 

MICROPHONE 
WITH 

PATENTED 
ACOUSTIC 
COMPENSATOR  | 


P.A..W/ recording/ 


DYNAMIC 

WITH  NEW 

SUPERIOR 

elipsoid’ 

PICK  UP 
PATTERN! 


AMPERITE  KONTAK  MIKES 

IDEAL  FOR  AMPLIFYING 
STRINGED  INSTRUMENTS 

USED  WITH  ANY  AMPLIFIER 

AND  WITH  RADIO  SETS.  \ 

ASK  YOUR  JOBBER  .  .  .  WRITE  FOR  FOLDER 


AMPERITE 


Sfil  PHOADWAY  MW  YOHK 
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ing  at  which  requests  of  other  gen¬ 
eral  mobile  users  will  be  considered. 
Particular  bus  lines  may  still  elect 
to  use  radiotelephone  service  of¬ 
fered  by  existing  general  communi¬ 
cations  common  carriers. 

WiLMOTTE  Mfg.  Co.  was  granted  the 
Naval  Ordnance  Development  Award 
in  recognition  of  distinguished  serv¬ 
ice  in  connection  with  research  and 
development  of  fire  control  radar 
Mark  29. 

The  Pioneer  Electric  and  Re¬ 
search  Corp.,  Forest  Park,  Illinois, 
has  moved  into  a  new  and  larger 
building  in  the  same  community  and 
will  expand  its  facilities  for  manu¬ 
facturing  coils.  C.  S.  Linell,  formerly 
with  Carron  Mfg.  Co.,  is  chief  engi¬ 
neer. 

Reeves  Soundcraft  Corp.  has  been 
formed  in  New  York  City  for  the 
manufacture  of  instantaneous  re¬ 
cording  discs,  with  Hazard  E.  Reeves 
as  president. 

Allen  B.  DuMont  Laboratories, 
Inc.  has  been  granted  a  construction 
permit  by  FCC  for  a  5-kw  television 
station  in  Washington,  D.  C.  and 
will  use  the  call  letters  WTTG,  the 
last  three  letters  of  which  are  the  ini¬ 
tials  of  Dr.  Thomas  T.  Goldsmith,  Jr., 
director  of  research  and  engineering. 


If  ik  is  help  you  need... 

in  development  or  design  of  new  elec¬ 
tronic  apparatus  using  high  perform¬ 
ance  crystals — we  at  Valpey's  are  at 
your  service. 


NEW  EQUIPMENT— 

Advance  design  is  the  keynote  to 
postwar  progress — we  at  Valpey’s  are 
developing  and  opening  new  fields 
of  crystal  control  in  the  U  M  F  ranges, 
advanced  supersonic  devices,  and  ex¬ 
treme  precision  temperature  control 
for  exacting  frequency  measuring 
apparatus. 


Bendix  Radio  Division  has  been  li¬ 
censed  to  produce  color  television  re¬ 
ceivers  under  CBS  patents. 

Clippard  Instrument  Laboratory, 
Inc.,  have  acquired  a  new  plant  in 
Cincinnati,  Ohio  that  will  eventually 
furnish  over  50,000  sq  ft  of  floor 
space  for  manufacture  of  all  types  of 
r-f  coils  and  coil  assemblies,  as  well 
as  specialized  test  equipment. 

National  Carbon  Co.,  Inc.,  has  ac¬ 
quired  from  the  RFC  the  Charlotte, 
N.  C.  battery-manufacturing  plant  it 


■60-Cyele  Deeod* 
Voltage  Supply 

a  sturdy  self-con¬ 
tained  laboratory 
instrument,  Wes¬ 
ton  metered,  for 
calibration  and 
test  of  A.C.  meters 
and  vacuum  tube 
volt-meters.  Highly  accurate  source  of 
known  voltage  in  1/10  volt  steps  from  0  to 
111,  or  in  1  to  1110  volt  model.  Ennav^ 
panel.  Quartered  oak  case.  Write  tot  de¬ 
tails. 

High-speed  prodeetloe  of  precision 
R.  F.  Colls,  Electro-Magnetic  Wind¬ 
ings  and  Snb-Assemblles  for  dlscrim- 
Inking  monnfactnrers. 


Vfeateoneiw, 

plete  JacaWes 
rience  to  any 
io  the  tre<l«ei 

ggld-make 

^  Valpey  s 

[  designed  ciy 

[  inyonif®'’ 

I  en^eettog 

I  datioos- 


50  KW  IN  OIL  FIELD 


VUPEY 


Artist's  sketch  of  new  KOMA  50-kw  trans¬ 
mitter  installation  now  under  construction 
in  the  heart  of  a  derrick-crowded  oil-field 
nine  miles  south  of  Oklahoma  City 


csxfTsaxnsiw  w  eim4ui'|si»ef  mi 
H  j  HouifToii,  huisAcHbsim 
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RA-i  1 6  combination 
portable  recordery 
transcription  player 
and  PA  system. 


RADIOTONE,  for  12  years  the  choice  of  pro¬ 


fessionals  of  radio,  stage  and  screen— widely 


CUSTOM 


MADE 


COAXIAL 

CABLE 

and 

TUBING 


84  Purck«M  St.,  Boston  1 0,  Mass.  ^ 

I 
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ELECTRICAL  INSULATION  CO 


OTHER  MOOELS~R-116, 16"  dual  speed  recorder  with¬ 
out  omptifler,  D-1 16, 16"  dubbing  table  and  TP>116 
and  TP-112,  16"  and  1 2"  transcription  players.  Send 
for  catalog.  Dealers  write. 

-  ^  ^  ELECTRONICS  DIVISION  ^ 


I  N  D  U  STR  I  E  S 

serving  the  West  — National  Machine  Products  Plant, 
Los  Angeles  3,  California. 

Serving  the  East  —  Ellinwood  Industries,  Incorporated, 
Huntington,  West  Virginia. 


Dept.  C 


rt 


7 


'i 


Development  of  for* 
mutations  rigidly  tested 
mm  to  meet  exact  specifica- 
Dv  tions  has  made  Surprenant 

V  a  leader  and  authority  in 

V  the  field  of  plastics  insulated, 

'  high  frequency,  low  loss  co¬ 
axial  cable  and  tubing.  A  diver¬ 
sity  of  facilities,  wide  range  re¬ 
search  and  engineering  service, 

unexcelled  laboratory  equipment, 
and  a  wealth  of  experience 
i  enable  us  to  match  in  every 
I  detail  the  requirements  you 
A  name.  We  would  appreciate 
the  opportunity  to  furnish 
complete  technical  data. 


used  by  broadcasting  and  recording  studios, 
is  now  made  by  Ellinwood  Industries,  famous 
for  Design  Simplicity-Dependability.  New, 
Illustrated  catalog  describes  improved  am¬ 
plifier,  positive  silent  drive  system,  hardened 
stainless  steel  overhead  lead  screw.  Duo- 
chromatic  equalizers  and  many  other  features. 
For  your  copy  write  150  W.  Slauson  Ave., 
Los  Angeles  3,  Department  R-201. 


FOR  SHFETV'S  SRKE 


Safety  first  for  personnel  is  of  the  utmost  importance. 
This  protection  can  be  guaranteed  through  the  use  of 
G-E  Interlock  Switches  on  radio  transmitters.  X-ray  and  thera¬ 
peutic  machines,  burglar  alarms,  and  signal  controls  for  fire  doors. 

Safety  first  for  equipment  is  important,  too.  G-E  Indicator 
Lamps  give  visual  evidence  of  whaf  is  going  on  inside  equipment, 
and  circuit  troubles  can  be  corrected  before  they  become  serious. 
Write:  Electronics  Department ,  General  Electric  Company, 
Syracuse,  New  York. 


GENERAL  m.  ELECTRIC 


Not  a  short  in 
50,000  units 
reports  one  user  of 


GOTHARD 

INDICATOR 

LIGHTS 


But  that's  a  small  wonder — 
because  Gothard  Indicator 
Lights  and  dial  light  bracket 
assemblies  are  all  equipped 
with  fixed  position  terminals 
of  Gothard's  own  develop* 
ment  that  just  can't  come 
loose,  or  short.  This  one, 
among  many  Gothard  fea¬ 
tures,  can  quickly  offset  the 
lower  price  you  pay  for  infe¬ 
rior  lights  and  show  you  a 
neat  saving  in  the  bargain. 
You  will  insure  yourself  of 
highest  quedity  and  long  range 
true  economy  by  specifying 
Gothard  Indicator  Lights  for 
all  applications.  Ask  for  the 
new  Gothard  Catalog. 


No.  1142  for  Maxda  Miniature  Bayonet  Baae 
Lampa — no  reaistance. 

No.  1143  for  Mazda  Miniature  Bayonet  Baae 
Lampe— haa  200,000  ohm  Built-in  Reaiatance. 
No.  1144  for  Mazda  Miniature  Bayonet  Baae 
Lampa — with  100,000  ohm  Built-in  Reaiatance. 
No.  1143  A  1144  lighta  are  approved  and  liated 
by  Underwritera'  Labor atoriea. 

Particularly  recommended  for  home  ap¬ 
pliances.  Lamps  set  far  forward  for  clear 
vision  from  all  angles— fully  protected 
by  lucite  cap.  11/16'  mounting  hole. 


MANUFACTURING  COMPANY 


2114  Clear  Lake  Ave^  Springfield,  III. 


EX^RT  DIVISION:  25  WARREN  ST.  •  NSW  YORK  7,  N.  Y. 


operated  for  the  Government  during 
the  war,  and  conversion  to  peacetime 
production  of  Mini-Max  batteries  is 
well  under  way. 

RCA  Victor  Division  officially 
opened  in  Chicago  its  160,000  sq  ft 
plant  devoted  exclusively  to  the 
manufacture'  of  automobile  radios. 
About  700  persons,  70  percent  female, 
are  expected  to  be  employed  when 
full  production  is  achieved. 

Lear,  Incorporated,  Grand  Rapids, 
Mich.,  has  begun  mass  production  of 
variable  capacitors  to  overcome  mar¬ 
ket  shortages,  with  10,000  sq  ft  of 
plant  space  initially  assigned  for 
the  purpose. 

Philco  Corporation  has  licensed  the 
Radio  Corporation  of  America  to  use 
approximately  600  Philco  patents  and 
inventions,  including  the  Philco  Ad¬ 
vanced  FM  System. 

Electrovox  Co.,  Inc.,  has  moved  its 
factory  and  general  offices  to  81  Ful¬ 
ton  St.,  Newark,  N.  J.,  where  it  will 
continue  manufacture  of  Walco  jewel- 
tipped  phono  needles. 

PERSONNEL 


Lester  N.  Hatfield  becomes  chief 
engineer  of  Press  Wireless  Manu¬ 
facturing  Corporation,  Long  Island 
City,  N.  Y.  He  was  formerly  chief 
sales  engineer,  and  prior  to  that 
was  a  technician  and  engineer  with 
CBS  for  ten  years,  chief  engineer 
of  radio  station  KWSC  for  three 
years,  and  served  two  years  during 
the  war  as  lieutenant  with  the  elec¬ 
tronics  division  of  the  Bureau  of 
Ships. 


1 


It  welds  all  metals  of  high  thermal 
conductivity.  You  simply  plug  it  into  any 
convenient  100  v.,  ^0  cycle  outlet.  The 
stored  energy  of  the  condenser  weld 


power  provides  the  necessary  welding 
current.  It  mokes  precision  welds  up  to 
120  per  minute. 


Writ*  for  Bi/U»tin  DL-W-507 


RAYTHEON  MANUFACTURING  COMPANY  I 

Indusirial  Electronics  Division.  Wolthom  54  Mosi 


tuniiEON 


r.DD  o  5  ^  -••’rc'S  ' 

■  ‘  ‘  g  c  n  a  ‘  ^  -  P  J  *  ■  '  ^  j  s  *  '• , 

So-w*  C-*^.'es.  Atlanta  •  Boston  •  Chicago  *  C/ev*^/ond  •  Ic  'isvdle  •  Ne*^  Vort 


L  N.  Hotfiald 


P.  Goldsborough 


Paul  Goldsborough,  former  presi¬ 
dent  of  Aeronautical  Radio,  Inc., 
has  been  named  director  of  com¬ 
munications  for  Trans  World  Air¬ 
line,  where  he  will  supervise  TWA 
communications  and  air  navigation 
policies  for  both  transcontinental 
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IM[  LINDE  AIR  PRODUCTS  CO.MPAf4Y 


CUSTOM  molded 

PLASTICS  PARTS 


•  • .  Spectroscopically  Pure 
t .  .  Easily  removed  jrom  bulb 
without  contamination 


Scientific  uses  for  Linde  rare  gases  include— 

1.  The  study  of  electrical  discharges. 

2.  Work  with  rectifying  and  stroboscopic 
devices. 

3;  Metallurgical  research. 

4;  W ork  with  inert  atmospheres,  where  heat 
conduction  must  be  increased  or  decreased. 

Many  standard  mixtures  are  available. 
Special  mixtures  for  experimental  purposes 
can  be  supplied  upon  request. 

The  word  "Linde'*  is  a  trade-mark  of 


•  Hu  livett  tAioCcUlu 

find  •  Ci  * 


i  335  NOITH  WHtP^LI  ST. •CHICAGO  12,  lit. 

LI  A 


We  have  had  such  success  in  cooperating  with  engineers  of  our  customers 
that  we  do  not  hesitate  to  offer  you  this  special  service  in  development  of 
sample  units. 

You  may  have  an  unusual  problem  for  reconversion,  one  in  which  greater 
efficiency  for  a  tough  job  will  save  money  and  give  better  service. 

Let  our  engineers  consult  with  yours.  We  are  well  equipped  for  this  type 
of  cooperation. 


Subsidiary  of  THE  NATIONAL  LOCK  WASHER  COMPANY 
NEWARK  5,  N.  J.  ^abusheo  1886  5 
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HARDWICK,  KINDLE,  INC. 

RHEOSTATS  and  RESISTORS 


Improve  your  understanding  and  use 
of  piezo-electric  devices 

with  the  aid  of  this  thorough  treatise  y 

on  electromechanical  phenomena  in  crystals  r 

This  new  volume  in  the  International  Series  in  Pure  and  I 

Applied  Physics  bringrs  you  a  most  complete  compila-  I 

tion  of  practical  data  on  this  Important  subject.  It  presents  I 
each  phase  of  piezoelectricity  in  Illuminating  detail,  covers  I 
all  crystals  with  piezoelectric  properties,  elasticity,  pyro-  ' 
electricity,  the  piezo  resonator,  dielectrics,  crystal  optics 
and  magnetism,  Rochelle  salts,  Seignette-electrics,  ferro¬ 
magnetism.  This  foundation  of  data  opens  the  way  for 
sweeping  advances  in  the  field. 

Just  publishod! 

PIEZOELECTRICITY  F 

By  WALTER  GUYTON  CADY 

Professor  of  Physics,  Wesleyan  University  •  dii 

tl( 

8O6  pages.  5%  X  8%,  36  tables,  168  figures,  $9.00 

•  wc 

Here  are  all  the  facts  and  data  on  piezoelectricity 
and  its  applications  which  facilitates  its  use.  Highly  , 

practical  information  is  presented:  data  for  all  crys-  y_ 

tals  that  have  been  investigated  quantitively,  a  uni¬ 
fied  account  of  experimental  results,  with  many  for-  •  pr 

mulas,  numerical  data,  and  large  bibliography,  ma'ny  ot 

Important  diagrams,  charts  and  reference  tables. 

An  exhaustive  study  of  Rochelle  salts  and  other  * 

Selgnette-electrics,  their  use  and  future  applications.  ^ 

Is  Included.  _ 


direct,  practical  working  aids: 

•  nsBieriesI  data  on  propertias  ot 
crystals 

•  dlMrsBis  llustrstins  those  prosor- 
ties 

•  workinp  formulas  for  use  Is  calcu¬ 
lations 

•  practical  information  on  prinelploo 
underiyini  measurements 

•  practical  Information  on  teehnlquei 
of  quartz  and  Roehollo  salt 


Some  of  the  imporfant  topics  and 

now  material  covered  in  detail: 

— proper  choice  of  cuts  and  electrodes  for 
exciting  various  piezoelectric  effects 
— experimental  devices  for  the  prepara¬ 
tion  and  testing  of  plates  for  crystal 
resonators 

— suggestions  concerning  demonstrators 
for  piezoelectric  effects 
— x-ray  reflections  from  vibrating  crystals 
— an  adjustable  model  for  illustrating 
elastic  properties 

— a  new  form  of  polarlscope  for  the  ex¬ 
amination  of  quartz 


See  it  10  Days  FREE 


MAIL  COUPON 


McGraw-Hill  Book  Co.,  330  W.  42  St.,N.Y.C.18 

Send  me  Cady's  Piezoelectricity  for  10  days 
on  vprOTsL  In  10  days  I  will  send  $0.00.  plus  few 
cents  posUge,  or  return  book  postpaid.  (Pokw 
on  cash  orders.) 

Name  . 

Address  . 

City  and  State . 

Company  . 

Position  . .  y.4^ 

(Ibr  Csnsdlsn  price,  write  Embassy  Book  Go 
13  Richmond  St.  E.,  Toronto.  1). 


(^•mgtvgddfW  “TfCUded . .  to  moot  iptciic 
rtqsirtiiiinti...by  on  oxporionud  organization 
. . .  toolod  for  the  production  of  plastics  ports 
for  oloctrical  or  gonorol  applications.  Inquiries 
■duMwItdgod  promptly. 


HELIUM 

XENON 


ARGON 

NEON 


KRYPION 

MIXITJRES 


SPECIAL  UNITS... 


and  international  divisions.  Cap¬ 
tain  Goldsborough  was  released 
from  active  Navy  duty  June  15 
after  over  four  years  of  service  on 
naval  communications  assignments. 


PRECISION  PARTS 


A  FREE  FIT  .  .  . 
BUT  NOT  LOOSE 


Renald  P.  Evans,  for  the  past 
three  years  general  manager  of  The 
Turner  Co.,  Cedar  Rapids,  Iowa,  is 
now  president.  David  Turner, 
founder  of  the  company,  becomes 
chairman  of  the  board  of  directors. 


Felix  L.  Yerzley  has  been  ap¬ 
pointed  director  of  research  and 
engineering  for  Mycalex  Corpora¬ 
tion  of  America,  Clifton,  N.  J. 


Laboratories  that  in  peace  as  in  war  are 
pacing  the  advance  of  American  industry 
demand  accuracy  alx)ve  everything  else. 
It  is  no  wonder,  then,  that  one  of  the 
largest  laboratories  in  America  came  to 
Ace  for  these  pressure  support  rings. 

Here  is  a  job  that  calls  for  exceptionally 
fine  tolerances.  The  thin-walled  ring  had 
to  fit  snugly  over  the  thick-walled  ring — 
a  free  fit . . .  but  not  loose.  Not  only  was  it 
necessary  to  hold  close  tolerances  tor  size, 
but  also  for  accurate  concentricity.  From 
the  selection  of  special  steel  bar  stock, 
through  the  macnining,  heat  treating, 
grinding,  and  inspection  operations,  this 
was  a  typical  Ace  precision  job. 

Such  jobs  are  merely  a  part  of  the  daily 
grind  at  Ace.  where  accuracy  applied  to 
mass  production  was  pioneered.  Manage¬ 
ment  skill  and  modem  equipment  are 
turning  out  tolerances  as  close  as  .0002' 
(.which  makes  paper  seem  mattress-thick) 
and  finishes  which  a  speck  of  dust  or  a 
warm  hand  distorts. 

If  you  are  looking  for  a  source  of  supply 
for  small  parts  or  assemblies  from  the  tool 
and  die  stage — on  through  stamping, 
machining,  heat  treating  and  grinding,  it 
will  pay  you  to  consult  Ace.  Ace  will 
make  you  high-man  in  the  coming  com¬ 
petitive  market.  Send  us  a  sketch,  blue¬ 
print,  or  sample  for  quotation. 


Arthur  L.  Johnson  has  opened  a 
radio  and  chemical  laboratory  for 
general  practice  in  Hutchinson, 
Kansas. 


R.  C.  Cosgrove,  vice-president  and 
general  manager  of  The  Crosley 
Corp.,  was  reelected  president  of 
the  Radio  Manufacturers  Associa¬ 
tion. 


SIGMA  Type  41  RO  (DC);  41  ROZ  (AC) 
NEW  FEATURES  OF  THIS  DESIGN: 


Harry  S.  Jones  became  chief  en¬ 
gineer  in  charge  of  Research  and 
Development  for  Lear,  Incorpor¬ 
ated,  following  a  recent  reorganiza¬ 
tion  of  engineering  activities. 


•  Fits  octal  socktt. 

•  Outlin*  dimansions  :  x 

abova  sockat. 

Parmits  lining  up  contiguous  ralays  as 
closa  togathar  as  tha  smallast  octal 
sockats  will  parmit. 


Harry  E.  Rice  became  chief  engi¬ 
neer  of  the  Lear  Home  and  Aircraft 
Radio  Division. 


Features  of  All  SIGMA  Series  41  Relays; 


John  A.  Proctor,  who  served  with 
ATSC,  Army  Air  Forces,  with  the 
rank  of  Colonel  during  the  war  and 
contributed  to  development  and  pro¬ 
duction  of  communication  and  radar 
equipment,  has  been  elected  a  di¬ 
rector  and  vice-president  of  Mycalex 
Corporation  of  America,  New  York, 
N.  Y. 


•  DC  sansitivity:  —  0.020  watts 
(min.  input.) 

•  AC  sansitivity:  —  0.1  voll-ampara 
(min.  input.) 

Ona  standard  HO  volt  AC  modal 
draws  about  1.5  milliampara. 

’•  Contact  ratings  up  to  15  amparas  on 
low  voltaga. 

•  High  quality  construction — mackan- 
ically  ruggad. 

•  Vary  low  cost. 


send  far  this  Ace  story 


E.  N.  WendeU 


Edward  N.  Wendell  is  now  vice 
president  in  charge  of  Federal  Tele¬ 
phone  and  Radio  Corp.,  Newark, 
N.  J.  He  has  been  associated  with 
IT&T,  the  parent  company,  since 


ACE  MANUFACTURING  CORPORATION 

for  Prochion  Parts 


^,^'PZd^CCU^  RELAYS 

62  Ceylon  St.,  Boston  21,  Mass. 
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CYCLE 


DELAY 


Optical  Glass 
Specialties 


Television  Reflectors  | 

Precision-polished  optical  | 

foco  plates  for  cathode  ray 
tubes 

Optical  lenses,  prisms 
and  flats 

FS  Precision-Bore  Glass  Tubes 
with  bore  exact  within  .0002*' 

Contact  us  tor  ^ 

such  requirements 

I 

FISM-SCHURMAN  CORPORATION 
230  East  45th  St.,  N«w  York  17.  N.  Y.  ' 


BEFORE  YOU  BUY  AN  FM 
TRANSMITTER— In  vesff  gate/ 


1  KW  FM  TRANSMITTER 


RADIO  ENGINEERIN6  LABS.,  INC. 

Long  Island  City,  N.  T. 


BOOKS 

FOR  THE 

ENGINEER 


UNDERSTANDING 
MICROWAVES  . 

(Chapter  Hoodt) 

The  Ultra  High  Frequency  Concept 
Stationery  Charge  and  it*  Field  •  Mag* 
netostatice  •  Alternating  Current  and 
Lumped  Constanta  •  Transmission  Lines 
Poynting's  Vector  and  Maxwell's 
Equations  •  Waveguidos  •  Resonant 
Cavities  •  Antennas  •  Microwave 
Oscillators  •  Radar  and  Communica¬ 
tion  •  Section  Two  is  devoted  to  de¬ 
scriptions  of  Microwave  Terms,  Ideas 
and  Theorems.  Index. 

400  PAGES  PRICE  $6.00 


A-C  CALCULATION 
CHARTS 

I  Student  engineers  will  find  this  book 
invaluable.  Simplifies  and  speeds 
work.  Covers  all  AC  calculations 
I  from  10  cycles  to  1000  megacycles. 

160  PAGES  PRICE  $7.50 


JOHN  F. RIDER,  Publisher, Inc. 


lOUl  COST 

insuRnncE 

FOR 

ElECTROniC 

TUBES 


A  HIGH  PRECISION  INSTRUMENT 


FOR  A  HIGHLY  RESPONSIBLE  JOB! 


Simple,  rugged,  for  dependable 


stant-duty  service. 


®  Precision-built,  slow  speed  synchronous 


•  Micrometer-type  precision  setting  with 


progress  pointer. 


Totally  enclosed  quick-moke  and  break 
switch. 

*  Compact,  modern  instrument  design. 


Write  for  fully  descriptive  bulletin  No.  700B. 


^  SPECIALISTS  IN  TIME 

AS  A  FACTOR  OF  CONTROL 


404  FOURTH  AVENUE  NEW  YORK  16  N  Y 
EXPORT  OlV  ROCKE  .INTERNATIONAL  ELEC  CORP 
13  I  40TH  STREET  NEW  YORK  CITY  CABLE  ARLAB 


IMPU  LSE 


PERCENTAGE 


INTERVAL 


rEl 


PIONEER 

MANUFACTURERS 
OF  FM 

TRANSMIHERS 

EMPLOYING 

ARMSTRONG 

PHASE-SHIFT 

MODULATION 
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(PatMt  PMdina) 


0^. 


“OIAICO”  PIN-849  Pilot  Lights 

Designed  for  the  New  Neon-5  i  Lamp 

Feature  BUILT-IN  RESISTORS 

For  1 1 0  Volts  (and  higher) 

A  RUGGED  UNIT.  ConsMmes  a  small  amoaat  of  carreat 
(under  one  milliompere)  and  hat  dependable  long  life. 
Note  these  important  fea> 
tures  of  the  PLN-849  Pilot 
Light: 

(1)  RESISTOR  INTEGRAL 
with  socket  assembly.  Value  to 
suit  supply  voltage. 

(2)  Moulded  Bakelite  Socket. 

(3)  FuU'view  Jewel  Plastic 
Cap  for  visibility  at  all  angles. 

(4)  Rugged  terminals,  binding 
screw  or  permanent  soldering 
type. 

(5)  High  resistance  to  vibra¬ 
tion  or  shock. 

(A)  Supplied  complete  with 
General  Electric  Neon  NE-51 
Bulbs.  May  also  be  adamed  to 
accommodate  General  Electric 
Radio  Panel  BullM  such  as  47,  44, 

I  etc.,  for  low  voltage  drcuiu. 

Bulbs  removable  from  front  of 
panel. 

Write  for  samples  and  prices. 

There  is  no  obiigotion. 


BUILT-IN 

RESISTOR 

HOUSED 

IN  SPRING 

CONTACT 

EYELET 


DIAL  LIGHT  CO. 


WRITE  FOR  NEW 
I  ILLUSTRATED 
I  BROCHURE 


900  BROADWAY  •  NEW  YORK  3,  N.  Y. 

Telephone:  Algonquin  4-5180-1-2-3 


MANUFACTURERS  OF  RADIO,  ElECTRICAl 
AND  ELECTRONIC  COMPONENTS 


7300  HURON  RIVER  DRIVE  •  DEXTER,  MICHIGAN 


1925  and  was  in  charge  of  radio 
installations  aboard  the  Queen 
Mary,  directed  engineering  develop¬ 
ment  of  the  Eiffel  Tower  television 
station  in  Paris,  and  directed  In¬ 
dianapolis  tests  of  the  IT&T  in¬ 
strument  landing  system. 

Meade  Brunet,  a  vice-president  of 
RCA  Victor  Division  at  Camden, 
received  a  promotion  to  managing 
director  of  the  RCA  International 
Division  with  headquarters  in  New 
York  City.  He  has  been  associnated 
with  RCA  since  1921,  and  was  foi 
five  years  in  charge  of  production 
and  distribution  of  RCA  Radiotronr 
and  Radiolas. 

W.  W.  Watts  succeeds  Meade  Bru¬ 
net  as  vice-president  in  charge  of 
the  Engineering  Products  Departs 
ment  of  RCA  Victor  Division,  Cam¬ 
den,  N.  J.  He  joined  RCA  Victor 
Division  last  February  as  genera) 
sales  manager  after  serving  in  the 
Signal  (3orps  during  the  war. 

James  L.  Middlebrooks,  new  engi¬ 
neering  director  of  the  National 
Association  of  Broadcasters,  was 
awarded  the  Legion  of  Merit  for  his 
work  during  the  war  with  the  Elec¬ 
tronics  Division  of  the  Bureau  of 
Ships,  where  he  attained  the  rank 
of  Commander. 

James  W.  McRae  has  been  ap¬ 
pointed  director  of. the  Radio  Proj¬ 
ects  and  Television  Research  divi¬ 
sion  of  Bell  Telephone  Laboratories. 
He  was  recently  released  from  ac¬ 
tive  duty  as  a  (Colonel  in  the  Signal 
Corps,  and  received  the  Legion  of 
Merit  award  for  his  work  in  con¬ 
nection  with  development  of  air¬ 
borne  radar  and  radio  and  radar 
countermeasures.  From  1937  to 
1942  he  carried  out  research  at  Bell 
Labs  on  transoceanic  radio  trans¬ 
mitters  and  on  microwave  com¬ 
munications  equipment. 

Arthur  E.  Newlon,  senior  engineer 
in  the  research  department  of  Strom- 
berg-Carlson  Co.,  was  elected  chair¬ 
man  of  the  IRE  Rochester  section. 

Thomas  W.  Hopkinson  has  joined 
the  staff  of  the  Institute  of  Textile 
Technology,  Charlottesville,  Va.  and 
will  carry  out  research  in  electronics. 
For  the  last  four  years  he  was  en¬ 
gaged  in  military  electronic  research 
at  NRL,  Washington,  D.  C. 
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AIRCO  GAS  PROPORTIONER 


CONVENIENT-ACCURATE 
GAS  MIXING  DEVICE 

Designed  to  meet  the  needs  of  elec* 
tronic  tube  manufacturers  using  gas 
mixtures  for  protective  atmospheres, 
this  new  Airco  development  pro* 
duces  an  accurately  proportioned 
mixture  at  a  pressure  not  in  excess 
of  5  psi.  Acomplete  line  of  flowmeters 
is  available  to  permit  flows  of  hydro* 
gen  from  about  2  to  200  cfh.  and 
of  nitrogen  from  about  6  to  140  cfh. 

For  full  details,  write  today  for  a  de* 
scriptive  folder  (ADI*892).  Address: 

AIR  REDUCTION 

40  Eest  42nd  Street  OFFICES  IN 

VewYerk  17,N.Y.  FRINOFAL  CITIES 

In  Texoct  Mogitolia  Airco  Oos  Products  Company 


FIBRE 


Precision 
parts  to 
your  prints 

FABRICATIONS 


of  phenol  and  { 
vulcanized  { 
fibre-  < 


Rapid,  quality  production  of  phenol  fibre  and 
vulcanized  fibre  parts — either  simple  compo¬ 
nents  or  intricate  shapes  to  close  tolerances — 
can  be  supplied  to  your  exact  specifications. 
For  details,  write  for  descriptive  Bulletin  120 

N.  S.  BAER  COMPANY 

7-11  MONTGOMERY  ST.  •  HILLSIDE  N.  J: 


PUNCHED 

STAMPED 

SHAVED 

SAWED 

DRILLED 

MILLED 

TAPPED 

THREADED 


Now!  Get  COPIES  of 
Anything,  in  a  Jiffy  I 

...Right  in  your  own  office!  New  low- 
cost  error- proof  method  saves  time, 
typing,  drafting  and  checking 


>5SS 


Amaxing  Nttw  Unit 


PHOTOEXACT 

Copies  anything 
written,  typed, 
printed,  drawn, 
or  photographed 
—  even  if  on 
both  sides! 


AIm  eontiauost 
cabiMt  OKxMa  for 
prioU  ol  OB*  Unctil. 
up  to  42*  »ido. 


Qiickli 


_ Jdy.  Easily  copy 

LETTERS, BLUE  PRINTS.  PICTURES.  CONTRACTS, 
VALUABLE  PAPERS.  FINANCIAL  DATA,  CHARTS. 

CLIPPINGS  (ovar  100  ottiars) 

Make  accurate  permanent  copies  of 
anything  at  1-a-minute  speed — for  less  than 
the  price  of  a  phone  call!  No  darkroom  or 
technical  knowledge  needed.  Anyone  can 
operate  apECO — “America's  Most  Widely 
Used  Photocopy  Equmment." 

Get  full  information,  'TODAY! 


MAIL  COUPON  NOW 
for  thif  PR  ft  book 

AMERICAN  PHOTOCOPY  EQUIPMENT  CO. 
ms  N.  aark  St.,  Dapt.  AG-94  Chloago  14,  III. 

Send,  without  obligation,  your  20-page  illus¬ 
trated  book  on  Photocopying  and  its  savings 
in  time,  money  and  labor. 

NAME . . . 

COMPANY . 

title . 

ADDRESS . 

CITY  a  STATE . 


WEARRESiSTAf/T 


NOfhAmSIVE 


NON’COmSiVE 


N0N-MA$NETIC 


SUPEJi’POLiSm 


PERMO 


EPicmmPDWiATmm 
6427  kAVENSWOOO  AVE.,  CHICAGO  26 
MANUFACTUtING  MFTAlluaGiSTS 
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ALLIED 

CATALOG 


desire  to  simplify  inductance  cal¬ 
culations  and  inductor  design.  To 
this  end  he  has  provided  for  each 
special  type  of  inductor  a  single 
simple  formula  involving  only  the 
parameters  that  naturally  enter, 
together  with  numerical  factors 
interpolated  from  tables  computed 
for  the  purpose. 

As  the  author  says,  although  the 
literature  is  replete  with  induc¬ 
tance  formulas,  many  of  them  in¬ 
volve  elliptic  integrals  or  allied 
functions,  zonal  harmonic  func¬ 
tions,  hyperbolics,  or  other  forms  of 
mathematics  which  make  it  appear 
to  the  engineer  easier  to  wind  and 
measure  the  coil  than  to  design  it 
beforehand.  In  all  the  more  im¬ 
portant  cases  Dr.  Grover  has  found 
it  possible  to  simplify  the  procedure 
and  even  in  the  more  complex  ar¬ 
rangements  of  conductors  to  out¬ 
line  a  straightforward  procedure. 
The  mere  task  of  computing  the 
tables  in  this  book  could  easily  be 
described  as  monumental.  An 
accuracy  of  one  part  in  a  thousand 
is  possible  in  general,  but  for  the 
most  part  use  of  the  tables  will  lead 
to  better  precision. 

The  first  several  chapters  deal 
with  methods  of  using  the  working 
formulas;  then  follow  250  pages  of 
the  calculations  and  procedures 
themselves  involving  two  general 
types  of  circuits — those  whose  ele¬ 
ments  are  straight  filaments  and 
those  made  up  of  circular  elements. 
— K.  H. 


Equipment  for  Reseorch 
Dev^pmeiit  •  Maintenance 


Largest  Stocks  *  Complete  Service 
From  one  Central  Supply  Service 

Leading  industrial  and  engineering  firms  depend 
on  the  ALLIED  Catalog  as  their  Buying  Guide 
for  everything  in  radio,  electronics  and  sound. 
Lists  more  than  10,000  quality  items  .  .  .  radio 
and  electronic  parts,  vacuum  tubes,  tools,  test 
instruments,  audio  amplifiers,  accessories  .  .  . 
complete  lines  stocked  by  a  single  reliable  source. 
Try  ALLIED’S  expert,  specialized  industrial 
service.  Send  for  FREE  Catalog  now! 


Sound  Equipment 

See  ALLIED’S  wide  selection 
of  Intercom,  Paging  and  Pub¬ 
lic  Address  systems.  Models 
for  every  industrial  purppse. 


ALLIED  RADIO  CORP. 

833  W.  Jackson  Blvd.,  Dopt.  24^-it  Chicago  7,  Illinois 


EISLER  EQUIPMENT’^ 

COMPLETE  AND  DIVERSIFIED  TOR  EVERY  PHASE 
OF  ELECTRONIC  MANUFACTURE! 

TRANSFORMER 


of  all  types  —  furnace,  distribution,  power,  phase 
changing,  air,  oil,  induction,  water  cooled,  plate,  filament  and  auto-trans¬ 
formers.  Filter  chokes  and  inter-phase  reactors. 


Electronics  in  Industry 

By  George  M.  Chute,  Application  En¬ 
gineer,  General  Electric  Co.  McGraw- 
Hill  Book  Co.,  New  York  18,  N.  Y., 
1946,  461  pages,  $5.00. 

Since  this  book  is  written  pri¬ 
marily  for  the  users  of  packaged 
electronic  equipment  already  de¬ 
signed  and  built,  it  will  be  of  little 
interest  to  the  designer  or  builder 
of  new  equipment.  The  electrical 
engineer  in  industry  will  find  the 
contents  quite  readable  and  useful, 
however,  as  his  beginning  text  in  a 
field  that  is  demanding  more  and 
more  of  his  own  attention.  There 
is  no  mathematics  except  for  a  bit 
of  simple  arithmetic  in  example 
problems,  and  no  previous  knowl¬ 
edge  of  tubes  is  assumed.  The 
diagrams  are  well  drawn  and  appro¬ 
priately  labeled,  but  the  author's 


Transformers  supplied  from  %  to  300  KVA. 


EISLER  Compound 
Vacuum  Pump. 


*  EISLER  machines  arc  in 
use  and  in  production 
by99®/o  of  all  American 
radio  tube  and  incan¬ 
descent  lamp  manufac¬ 
turers  and  throughoul 
the  world. 


EISLER  Spotwelders 
from  Vs  to  250  KVA. 


24  Head  Radio  Tube 
Exhausting  Machine. 


- - - CHAS.  £151 ER - 

I  EISLER  ENGINEERING  CO 


NEWARK  3,  NEW  JERSEY 
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RAWSON 

SEMI-SUSPENDED 

METERS 


Type  SOS 


For  ULTRA-HIGH  SENSITIVITY 


0^  Microampere  Full-Scale  (7000  ohms) 
0.24  hOlllTolt  Full-Scale  (10  ohms) 

High  Besislomce  Voltmeters  (Megohm  per 
Tolt).  Many  other  ranges. 

Accurate  Portable  Meters.  Need  no 
leyeling.  Will  often  replace  light-beam 
galvanometers  or  vacuum  tube  volt¬ 
meters.  bulletin 

we  ALSO  SUPPLY 
REGULAR  DC  METERS 
THERMOCOUPLE  AC  METERS 
MULTIMETERS 
FLUXMETERS 

ELECTROSTATIC  VOLTMETERS 

Specfol  apporotus  built  to  order 


RAWSON  ELECTRICAL 
INSTRUMENT  COMPANY 


111  POTTER  ST.  CAMBRIDGE.  MASS. 
Hopresentatlves 

CHICAGO  NEW  YORK  CITY 

LOS  ANGELES 


T2  lampholder,  molded  of  bakelite, 
holding  lip,  dia.  11/16".  Tip  of  lamp 
bulb  protrudes  sufficiently  to  be  re¬ 
moved  from  front  of  panel  without 


moved  from  front  of  panel  without 
use  of  special  tool. 

Very  low  current  consumption  bulb 
(0.038  max.  amp.  on  24  volts).  Series 
resistor  of  small  size  on  120-220-440 
volts,  etc. 

T2PC  Lens-cap,  molded  in  plastic. 
T2MC  Lens-cap,  metal  with  glass  lens. 

WRITE  TODAY  FOR  CATALOGUE 


THE  H.  R.  KIRKLAND  COMPANY 

8  King  Street  Morristown.  N.  J. 
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PR  CRYSTALS 
for  AIRCRAFT 


3105  KGs  find 
6210  KGs 


Tampurafur*  coafficlant  Iasi 
than  2  cyclas  par  magacycia 
par  dagraa  cantigrada.  Cali- 
bratad  within  .005  par  cant  of 
fraquancy.  Gaskat  saalad,  con¬ 
tamination  and  moistura  fraa. 
Octal  mounting.  Waiqhs  last 
than  %  ounca. 


Type  Z-l  PR  RADIO  CRYSTALS  are  ideal 
for  conversion  of  military  aircraft  transmit¬ 
ters  to  civilian  frequencies.  Frequencies  of 
3105  and  6210  KCs.  are  IN  STOCK  AT 
YOUR  NEAREST  JOBBER.  They  meet 
FCC  and  CAC  requirements  fully.  Preci¬ 
sion  made  for  utmost  in  stability,  depend¬ 
ability,  high  activity,  trouble-free  operation 
and  low  drift.  Unconditionally  guaranteed. 


PeT€RseN  Radio  Compgnv 


3tOO  WEST  aaOAOWAY  —  TELiaHONI  3760 

CouncilBluffs,  Iouja 


MS 


RGON . NEON 
roN 


HYDROGEN  ^ 
NITROGEN.QXYGEN 


COMPLETE 
GAS.PRODUCmON 
PLANTS  INSTALLED 
FOR  LOWEST  COST 
OPERATION  .  .  . 


FORMING  MIXTURES 
CARBON  DIOXIDE 
ACETYLENE 


HIGHEST  QUALITIES  •  ANT  QUANTITT  , 
DELIVERED  ANTWHERE 


AMERICAN  GAS  &  CHEMICAL  CO. 


HARRISON,  NEW  JERSET  •  CoatracUd  CompUto  SMviou  os  AU  Ga 


LAMINATED  PLASTICS 


PhUnOl  FibrU  water-,  on-,  and  chemical-resisting  sheets  of  high  dielectric  strength. 

*  *  ”  Supplied  in  black  and  natural  color.  Standard  sheets  approximately 


49  X  49  inches.  Thicknesses  from  .010  to  9  inches.  Rods  and  tubes. 


Vlllr5llli7PH  PihrP  uniform,  high-grade,  hard  fibre  in  sheets  56  x  90 

inches  to  save  waste  in  cutting.  Smaller  sheets  if  desired.  Also  in 


standard-size  rods. 


FABRICATED  PARTS  •TAYLOR  INSULATION  •  SILENT  GEAR  STOCK 


We’re  ready  whenever  you  anr.  Send  blueprints. 


TAYLOR  FIBRE  COMPANY  Noniutowii,  PenauyU 


Pacific  Cosset  Plont:  Lo  Venie,  CoHfentio  •  Offices  in  Principed  Cities 


PHOTO  ELECTRIC 
CELLS 


BRADLEY 

LABORATORIES,  INC 


82  Weadow  St,  New  Haven  10,  Conn 


conscientious  attempts  to  employ 
the  new  ASA  symbols  without 
appreciably  deviating  from  old  elec¬ 
trical  drafting  styles  has  resulted 
in  a  few  that  would  be  rather  be¬ 
wildering  to  an  electronic  engineer. 

The  material  is  commendably  ar¬ 
ranged  to  maintain  interest  rather 
than  follow  a  logical  order,  making 
the  book  highly  desirable  for  home 
study,  evening  classes  in  industrial 
electronics,  and  vocational  school 
use  as  well  as  for  electrical  en¬ 
gineering  courses  in  colleges  and 
universities.  Chapters  on  tubes 
and  basic  circuits  alternate  with 
chapters  on  practical  equipment, 
thereby  making  the  doses  of  essen¬ 
tial  theory  as  small  and  painless  as 
possible. 

Equipment  covered  includes  pho¬ 
toelectric  relays,  precipitrons,  elec¬ 
tronic  timers,  flame-failure  con¬ 
trols,  ignitrons,  welding  controls, 
motor  controls,  voltage  and  speed 
regulators,  high-current  rectiflers, 
electronic  heating  generators,  pho¬ 
toelectric  register  controls,  elec¬ 
tronic  test  instruments,  and  non¬ 
electronic  devices  such  as  ampli- 
dynes,  selsyns,  dry-disc  rectifiers, 
and  saturable  reactors. 

Review  questions,  chiefly  of  the 
true-or-false  type,  appear  at  the 
end  of  each  chapter,  and  appro¬ 
priate  films  and  filmstrips  for  use 
as  visual  aids  are  listed  in  the  ap¬ 
pendix. — J.  M. 


TRIPLETT  666 
$15.23 

A.C-D.C.  Volta 

0bl(^250-1000 
0-10-100-500  D.C.Mills 
0^250000  Ohms 
Sba  Sx6x2 


{Many  Standard  Mountings 


In  addition  to  the 
piguil  conuct  model 
shown  here,  Bradley 
also  offers  cells  with 
plug-in  and  nut-and- 
bolt  mountings. 


TRIPLEn  666H 

Tri^lott  050SC  Output  Motor  ^ 

Kopulor  $14.S0  Spodol  . .  ^1  0.9U 

0-1.5-0-15-00-150  VolU.  4000  OHM  Impedaoee. 

3*  Met«  100  Microamp  movement 

Triplott  A06I  .  .  Ropulor  $16.67  ^  •  o  ac 
Voltoso  6  Polarity  Tostor,  Spodol  9  ■  I  ."9 

Ideal  for  plant  maintenance  work!  Checks  115-220-440 
line  at  a  glance!  Indicates  AC  or  DC  visually!  Indi- 
eat«  DC  Polarity  visually! 


The  shapes  of  Lux- 
tron  photocells  vary 
from  circles  to  squares, 
with  every  in-between 
shape  desired.  Their 
sizes  range  from  very 
small  to  the  largest 
required. 

For  direct  conversion 
of  light  into  electric 
energy,  specify  Brad¬ 
ley’s  photocells.  They 
are  rugged,  lightweight 
and  true-to-rating. 


HALLICRAFTERS  S-38 


S-40  (roptocos 
IH  S20R) 

$79.50 

HAMMARLUND.HQ129X  $168 

Spoofcorfor  HQ129X  $10.50 


X-Rays  in  Practice 

By  Wayne  T.  Sproull,  Physicist, 
General  Motors  Corp.  McGraw-Hill 
Book  Co.,  New  York  18,  N.  Y.,  1946, 
615  pages,  $6.00. 

A  COMPREHENSIVE  survey  of  prac¬ 
tical  radiographic  techniques  being 
used  today  in  industry  and  in  re¬ 
search,  plu§  one  chapter  on  the  use 
of  x-rays  in  the  medical  field. 
Material  is  arranged  in  logical  se¬ 
quence  for  college-level  instruc¬ 
tional  purposes,  with  questions  and 
problems  at  the  end  of  each  chapter. 
At  the  same  time,  the  work  is  com¬ 
pletely  indexed  for  quick  reference 
w'hen  answers  to  specific  questions 
are  desired,  and  extensive  biblio¬ 
graphical  footnotes  provide  a  start¬ 
ing  point  for  specialized  study  of  a 
particular  subject. 

Of  the  twenty-four  chapters,  the 
first  ten  deal  with  history,  funda¬ 
mentals,  types  of  tubes  and  equip- 


THE  DEFIANT!  $83.95  cumpif 

35  Wutt  SounJ  Systwm.  wirwd.  rwudy  to  u«ol 


Illustrated  literature, 
ovailable  on  request, 
shows  fiKMre  models  of 
Bradley  photocells,  plus 
a  line  of  copper  oxide 
and  selenium  rectifbrs. 
Write  for  *The  Bradley 
line." 


A  reliable  ampliSer  with  2  mike  and  1  phono  inputs, 
two  12*  20  os.  13  watt  PM  speakers  with  25'  caUee, 
two  12'  walnut  7  ply  wall  baffles;  one  crystal  micro- 
pbooe  with  table  stand  and  15'  shidded  cable. 

THI  CHAUINOni  $69.95  Cooipl*** 

35  Wott  Sound  Systom 


Home  as  above  except  indudes  one  speaker  and  baffle. 


30%  defiodt  required  on  aO  C.O.D.  orden.  3% 
tnaeportatfam  allowanee  on  ciders  of  135.00  or 
more  aoeompamed  by  payment  in  fnU. 
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1 

WE  SPECIALIZE  in 
meeting  the  most 
exacting  needs  of  lead¬ 
ing  manufacturers.  Spe¬ 
cially  designed  for  the  * 
job,  Westfield  nuts  are 
more  dependable  than 
standard  types,  and  fre¬ 
quently  are  more  eco¬ 
nomical.  Write  or  wire. 
Our  engineers  will  be 
glad  to  consult  with  you 
on  suitable  types  for 
every  application. 


Custom 
Made  Nuts  in 
Brass,  Steel  and‘ 
Various  Alloys 


Illinois 

CONDENSER  COMPANY] 


1616  N.  THROOP  ST. 
CHICAGO  22,  ILL 


SMASH  VALUES 

■  in  ELECTRONIC  and 

j  _  COMMUNICATION  SUPPLIES 
Order  Today  Immediate  Delivery 
HEWLETT-PACKARD  AUDIO  OSCILLATOR 

Model  2006,  fre- 
quoncy  range  23 
cycles  to  20,000 
cycles  in  3  ranges. 
A  Precision  Labor- 
,  atory  Instrument. 
Complete  with  tubes  and  power  supply  re 
conditioned  and  guaranteed  by  Niagara.  Spe¬ 
cial,  $75.00 

PLATE 

TRANSFORMER 

6200  Volt  CT— 700  Mils, 

1 10  Volts,  60  Cycles 
tapped  primary  2KVA 
Amertran.  Limited 
quantity.  $39.95 


ADDITIONAL  BARGAINS 

Combination  Eimac  VT  127/100  TS  tub^  in 
stock.  100  watt  plate  dissaiMttlon — S~>%  effl- 
ciency  and  mycalex  socket  designed  for 

100  TS  . $4.50 

110  Volt  relay  AC  coll  allied  DPDT  contacts 

will  handle  10  amps . $1.65 

Time  delay  relay  adjustable  to  1  minute. 

Kayden  motor.  110  Volt.H  60  cyrh*8 . $5.95 

Relay  110  Volts  AC  coil  TVDT  contart.s  will 

handle  10  amps . $2.10 

Quantity  orders  on  any  of  above  items  invited. 


All  prices  FOB  our  ware¬ 
house  New  York  City.,N.  Y. 

Write  for  our  latest 
bulletin  8E 


- oiRAOiOSOPP';^ 

lAGARA  , Hi... 


160  Green'^' 


Recording  Systems 

Licensed  under  U.  5.  Pats,  of 

Western  Electric  Co.,  Inc. 


LATERAL  FEEDBACK  CUTTER 

—  Driver  Amplifier  Combination 


FIRST  ON  THE  MARKET:  1 6  db  of  foodback  providing  electro¬ 
mechanical  damping  —  low  distortion  —  extended  frequency 
response  —  high  stability 

CHARACTERISTICS:  O  Overall  feedback  velocity  damping  #  ±  2  vu  30  -  12,000  — 
#lnterchongeability  of  cutters  O  Stability  over  long  periods  9  Instont  selection  of 
recording  chorocteristic  #  Undistorted  modulation  capability  well  above  normal 
recording  level  9  Intermodulotion  unbelievobly  low  9  Current  feedback  stabilixing 
loop  9  50  watt  omplifier  push-pull  throughout  9  Regular  size  cutter  9  Stondard 
mounting  holes  and  stylus 

"For  recordings  indistinguishable  from  live  tolent  .  .  .  !" 

Write  for  descriptive  pamphlet. 

Engineering  staff  available  for  special  requirements 


COOK  LABORATORIES  •  139  Gordon  Blvd.  •  Floral  Pork  •  New  York 


///  l/VasArers  / 

Especially  important  in  electrical  products, 
where  VIBRATION  is  an  enemy. 


QUADRIOA  QUALITY  WASHERS 

Made  exactly  to  your  ipecUications  for  greatest  precision. 
PROMPT  DELIVERY,  any  washer  material,  any  type,  any 
quantity,  large  or  small. 

AUo  SMALL  METAL  STAMPINGS,  any  design. 

Send  for  QUADRIGA  Catalog 
Many  photographs.  Valuable  engineering  data. 


The  Quadriga  Manufacturing  .Co 

I n  e  a  r 0  ar  a  I t  9  9 4 

y  WASHERS  A  SMALL  METAL  tTAMHIMO 


221A  West  Grand  Ave.  • 


Chlcage  10,  Illinois 
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Speeds  Frodtctioa/ 


Standard 
Sizes,  Hex, 

Square  or  Knurled, 

Chuck  Type  with  many 
Tools  for  many  uses 
Radio  and  Electrical  Shops 
Need  them 


SPiNTITE 
TS  SET  With  Stand 

7  Popular  Sixes 
Plastic  Handles 


SmS  Iw  C«taU«  N«. 
141  a  hili  bat 

tf  AatamoSila,  Aifcratt 


ment  available,  and  basic  principles 
of  radiography  and  radioactivity. 
These  chapters  constitute  also  an 
excellent  presentation  of  atomic 
theory,  and  give  basic  equations  for 
those  requiring  quantitative  rela¬ 
tionships.  The  next  two  chapters 
give  details  of  practical  applica¬ 
tions  in  the  medical  field  and  in 
industry.  Such  miscellaneous  ap¬ 
plications  as  fluoroscopy,  automatic 
x-ray  inspection,  microradiogra¬ 
phy,  coloring  of  glass  with  x-rays, 
biological  and  botanical  mutation, 
instantaneous  radiography,  and 
measurement  of  wall  thickness  com¬ 
prise  a  highly  interesting  chapter, 
bringing  the  reader  just  about  to 
the  middle  of  the  book. 

The  remainder  of  the  book  covers 
crystallography  and  diffraction, 
with  eleven  chapters  on  x-ray  dif¬ 
fraction  for  investigation  of  mole¬ 
cular  and  atomic  structure,  chem¬ 
ical  analysis,  measurement  of 
strain,  powder  diffraction  patterns 
of  metals,  orientation  of  quartz 
crystals,  and  textile  fiber  research. 
The  final  chapter  deals  with  elec¬ 
tron  diffraction,  included  in  the 
book  because  its  theory  and  applica¬ 
tions  have  evolved  along  lines  simi¬ 
lar  to  those  for  x-ray  diffraction. 

The  chapters  on  x-ray  operating 
techniques  in  industry  cover  such 
practical  details  as  use  of  lead  shot 
for  masking  to  prevent  fogging 
where  x-rays  go  around  edges  of 
metal  objects,  use  of  mirrors  or 
periscopes  in  fluoroscopic  examin¬ 
ation  of  oranges  on  a  conveyor  so 
operator  will  not  be  in  the  path  of 
the  rays,  and  use  of  two  films  in  the 
holder  to  cut  the  time  of  long  ex¬ 
posures  in  half  yet  obtain  the  same 
negative  density  by  viewing  both 
negatives  at  the  same  time. 

In  general,  this  is  a  clearly  writ¬ 
ten  piece  of  work  that  will  bring  en¬ 
gineers  in  electronic,  electrical,  and 
allied  fields  up  to  date  in  this  fast¬ 
growing  art  and  enable  them  to 
determine  if  any  of  the  new  techni¬ 
ques  are  applicable  to  their  own 
work. — J.  M. 


Television  with  a  567-line  image  re¬ 
peated  25  times  per  second  on  a  30 
by  40-cm  screen  has  been  demon¬ 
strated  by  Philips  Laboratories  in 
Holland. 


A  major 
advancement 
in  the 

recording  blank 
field ... 


GUARANTEE 

GOULD-MOODY 

AlUMINUM 
RICOROING  BLANKS 

•  .  no  inamasm 
in  prko! 


Afl«r  proloAflxd  rxMordi  ond  •xp«ri< 
iiiMifatioM,  w«  Bov*  liitred«fc«d  txduio* 
logical  ImprovomoRtt  lot#  ''Block 
Sool“  bloRkt  tkot  not  only  incrooto  IHo 
span,  bot  motorlolly^onbonco  tbo  otkor 
Snor  cfeoroctorlftict  of  tfcoto  blank*. 
And  to  potifivo  or*  wo  of  tko  worth 
of  th^  porfoctod  "Block  Sooh"  that 
wo'ro  offing  thorn  to  yoo  on  an  «n< 
conditional  ttn>yoar  gworontoo  bo*l*. 

You  can't  oHord  to  bo  a 
mcondfaig  hohthnigt .  •  • 

"Block  Sool"  blanks  will  not  rip  op. 
disintogroto  or  powdor  after  tho  fi^ 
playing  if  kopt  In  storogn  for  any 
long  poried  <ri  timo.  Yoo  oro  in  no 
danger  of  losing  voluablo  recordings 
In  what,  op  ontil  now,  yoo  havo  con* 
sidorod  your  soft  library  of  recording 
bianks.  No  matter  hew  well  yoo  may 
bo  satisfied  with  yowr  present  blanks, 
yoo  can't  afford  to  bo  a  recording 
isolationist.  Try  "Block  Soals"->4f,  for 
ony  reason  whatsoever,  yoo  aren't 
sotisfied,  retom  them  at  eor  esponso. 


THE  GOULD-MOODY  CO. 

395  BEQADWAY  NEW  YORK  13.N.Y. 
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lOiMmAHO^kcnmsH^ 


TAR 


DOUILE-CHECK  SYSTEM 

^JE- 10  — Miniature  socket 
wiring  plug  for  accurate 
alignment  of  miniature 
socket  contacts  during 
wiring.  Precision  cast  of 
zinc  base  alloy  —  Pins  of 
stainless  steel. 


JE<I2  —  (Harden  e.d 
tool  steel  insert)  or 
JE-13  (Stainless  steel 
insert)  Miniature  tube 
pin  straightenerto 
obtain  a  perfect  fit 
when  the  tube  is  placed 
in  the  set. 


For  eempfofo  Mormofloa 
aad  prices— write 
RADIO  ACCESSORY  DIVISION 

STAR  EXPANSION  PRODUCTS  CO. 

147  Coder  St^  Now  York  6,  N.  Y. 


pow 

IHS 


MANUFAaURERS  OF  RADIO 
HARDWARE  ^4  ANTENNAS 

41*9  0 

COMPLETE  LINE  of 
WIRES,  CABLES 
€*4  HOOK  UP  jT  A 
WIRES  /  M: 


Jhi*/U4/ 


BIRNBACH  RADIO  CO..  Inc 

I4S  HUDSON  ST  NfW  YORK  13,  N  Y 


Don't  Overlook  CT.C's  New 
l-F  Slug  Tuned  INDUCTOR 

This  comp.ict,  easy -to- mount 
LS-3  coil  is  available  in  four  wind¬ 
ings  C^ee  below).  Total  possible 
frequency  span  is  from  me.  to 
better  than  150  me.  You'll  find 
them  ideal  for  many  applications. 

The  chart  gives  the  individual 
characteristics: 


Q 

DC 

RESISTANCE 

L 

INOUaANCE 

VARIATION 

OF 

INDUCTANCE 

TYPE  8. 
SIZE  OF 
WIRE 

NO.  OF 
TURNS 

TYPE  OF 
WINOINC 

1 

unit 

56 

18.14  ohm 

©23*C 

420  micro- 
honriot  ±  5% 

325  to  750 
miyohonriot 

#38  SCE 

198 

Muhiplo 

10  m«g. 
unit 

44 

1.90  ohm 
@I9.5*C 

8.4  micro* 
bonri«s±5% 

4J5  to  14.25 
microhonrioe 

#38  SCE 

24.5 

Multipio  ' 

30  mng. 
unit 

46 

.136  ohm 
@20”C 

0.7  micro- 
h«nrio«±5% 

450  to  1.0 
microhonrioe 

#28  E 

7 

Singlo 

loyor 

60  nwg. 

46- 

.126  ohm 

.061 

.065  to  .095 

#28  E 

2 

Singlo 

unit 

50 

®20*C. 

.1 02  micro- 

microhonrioe 

loyor 

h«nriM±S% 

1/  thete  ttandard  LS-S  don't  mceC  yoiir  rettuiremtents^ 
eve'll  be  pleased  to  sabmit  quotations  .on  coils  built 
to  your  specifications.  Write  ior  C.T.C.  Catalog  No.  100. 

CAMBRIDGE  THERMIONIC  CORPORATION. 

439  Concord  Avenue  •  Combridge  38,  Moss. 


Pref. 


rej'errea 

as  a  source  of  pre- 
cision  -  made 
W  A  S  H  E  R  S  and 
STAMPINGS 

CUP  WASHERS  ♦«> 

r  Ts-  T  «  your  specifications 

for  Binding  Screws 

WHITEHEAD  STAMPING  CO. 

1691  W.  Lafayette  Blvd.  Detroit  16,  Michigan 


PRECIOUS  METALS  IN  ALL  FORMS  FOR  THE  ELECTRONIC  INDUSTRIES 


FOR  A  COMPLETE  LIST  OF  OUR  PRODUCTS 
SEND  FOR  OUR  NEW  FOLDER,  E-20 
'PLATINUM,  GOLD  &  SILVER  FOR  SCIENCE,  INDUSTRY  &  THE  ARTS 


THE  AMERICAN  PLATINUM  WORKS 

PRECIOUS  METALS  SINCE  1875 


231  NEW  JERSEY  R,R  AVE 
NEWARK  5,  N  J 


ELECTRO  N I CS  —  Soptombor,  1 946 


Backtalk 


Hiis  department  is  oper* 
ated  as  an  open  forum 
where  our  readers  may 
discuss  problems  of  the 
electronics  industry  or 
comment  upon  articles 
which  ELECTRONICS 
has  published. 


FOR  RADIO  AND  ^ 
ELECTRONIC  APPLICATIONS 


ONAN  ELECTRIC  GENERATING  PLANTS 
supply  reliable,  economical  electrical  service 
for  electronics  and  television  applications  os 
well  as  for  scores  of  general  uses. 

Driven  by  Onon  4-cycle  gasoline  engines,  these 
power  units  are  of  single-unit,  compact  design 
and  sturdy  construction.  Suitable 
for  mobile,  stationary  or  emer- 
gency  service. 

Capacity  raii9«:  3S0  to  35,000 
watts;  115  550  volts 

volts  D.C.:  eombioatioR  A.C. 


Greek 

Through  an  inexplicable  chain  of 
circumstances  the  following  state¬ 
ment  appeared  in  a  new  product 
item  concerning  an  equation  counter 
manufactured  by  the  Consolidated 
Engineering  Corporation  of  Pasa¬ 
dena  and  published  in  the  May  is¬ 
sue:  “As  an  example  of  the  per¬ 
formance  of  this  computer,  the  ex¬ 
pression  EuduvciSijTo?  can  be  solved 
for  £*  in  less  than  5  seconds.”  The 
Editors  hasten  to  state  that  this 
statement  did  not  appear  in  the 
manufacturer’s  release  and  that 
they  would  be  as  much  in  the  dark 
about  the  meaning  of  the  Greek  ex¬ 
pression  as  anyone  else  had  not  the 
following  letter  been  received — 
proving  among  other  things  that 
New  Product  items  are  closely  read ! 
— The  Editor. 


Mlaoaapolh  5.  MIm. 


3555  RoyaIsfoR  Avr. 


LOGARITHMIC  AC  VOLTMETER 
-WIDE  BAND  AMPLIFIER- 


Dear  Sir: 

I  WANT  TO  bring  to  your  attention 
an  error  on  page  250  of  the  May, 
1946  issue  of  ELECTRONICS.  I  find 
as  the  last  sentence  of  an  interest¬ 
ing  account  of  an  equation  com¬ 
puter  the  following:  “As  an  exam¬ 
ple  of  the  performance  of  this  com¬ 
puter,  the  expression  Eu<iuv€iST,To; 
can  be  solved  for  E  in  less  than  5 
seconds”.  Having  some  knowledge 
of  the  Greek  language,  I  checked 
this  word  in  the  8th  Edition  of  the 
Liddell  and  Scott  Greek  Lexicon, 
p.  616,  and  found,  as  I  thought,  that 
the  word  means,  “with  a  good  con¬ 
science”  and  is  found  apparently 
only  once  in  classical  Greek  in  M. 
Anton.  6:30. 

How  this  computer,  wonderful  as 
modern  science  is,  can  in  five  sec¬ 
onds  compute  “with  a  good  con¬ 
science”  is  beyond  the  knowledge 
of  your  correspondent,  unless,  of 
course,  you  are  implicitly  giving  to 
the  inanimate  computer  a  consci- 


Advanced  De¬ 
sign  gives  you 
a  sensitivity 
and  frequency 
response  never 
before  ob¬ 
tained. 


No  other  Voltmeter  oUert  oU  these  advantages 

•  Range  .0005  to  500  volts  •  Linear  DB  scale 

•  Frequency  5  CPS  to  2.0  MC  •  Input  2  Megohm  15  MMF 

•'  Logarithmic  voltage  scale  •  Accuracy  ±2% 

•  Stability  ±1%  105  to  125  V. 

Ideal  for  Audio,  Supersonics,  Lower  Radio  Frequency  Spectrum. 
Measures  Stage  Gain.  RF  and  IF  Amplifiers  on  Broadcost  Receivers. 

Write  For  Complete  Information 

Instrument  Electronics 

1-21  Northern  Blvd.  Little  Neck,  L.  I.,  N.  Y. 


September,  1946  —  ELECTRONICS 


•nnneii*  m®] 


1000  I  ERWIN  AVENUE 

DETROIT  5,  MICHIGAN 


G-^ 


MANOf  ACtSRttS  Of  NICN  COIICIVI  MAtNITK  AU0T9 


Specializing  in  the  production  of  highest 
quality  Alnico  Magnets  in  all  grades 
including  new  triple  strength  No.  5. 


Production  material  checked  to  assure 
highest  uniform  quality  of  product. 


Castings  made  to  customer's  special 
order  on  the  basis  of  sketches  or  blue 
prints  furnished. 


Information  and  suggestions  furnished 
on  request. 


Solves  the  Problem  of 
Mailing  List  Maintenance 

Probably  no  ethar  organization  it  at 
wall  aoulppad  at  McGraw>HIII  to 
toiva  tna  complicatad  problam  of 
list  nialntananca  during  this  parlod 
of  unparallalad  changa  in  induitrial 
partonnal. 

McGraw-Hill  Mailing  Lists  covar 
most  major  industrias.  Thay  ara  com- 
piiad  from  axclusiva  sourcas,  and  ara 
basad  on  hundrads  of  thousands  of 
mail  quastionnairas  and  tha  raports 
of  a  nation-wida  fiald  staff.  All  namas 
ara  guarantaad  accurata  within  2%. 

Whan  planning  your  diract  mall 
advartising  and  salas  promotion,  con- 
tidar  this  uniqua  and  aconomical  sarv- 
Ica  in  ralation  to  your  product.  Datalls 
on  raquast. 


McGraw-Hill  Publisbiig  Co.,  lac- 

DIRECT  MAIL  DIVISION 

330  WmV  42nd  St.,  New  York.  18.  N.  Y. 


HIYCO  SOLDiRING  LUGS 

Avollobla  in  voriout  sizas  and 
thopat.  Thasa  coppar  lugs  ora  aosy 
to  apply.  Sampias  fraa. 


HEYCO  STRAIN  RiLIEPS 


Thraa  low-cost  typas.  Rroleng  op- 
pltofKa  lifa . . .  Improva  product 
parformonca . . .  Act  at  grommat. 
Somplas  and  litaratura. 


HfYMAN  MANUFACTURING  CO. 
S10  Mlchigaii  Ava.  Kanilworth,  N.  J. 


SMALL  PARTS 


Filaments,  anodes,  supports,  springs, 
etc.  for  electronic  tubes.  Small  wire  and 
flat  metal  formed  parts  to  your  prints 
for  your  assemblies.  Double  pointed  pins. 
Wire  straightened  and  cut  diameter  up  to 
Vs -inch.  Any  length  up  to  12  feet. 

LUXON  fishing  tackle  accessories. 


Inquiries  will  receive  prompt  attention. 


ART  WmE  AND 
STARiPING  GO. 

227  High  St.  Newark  2,  N.  I. 


LOOK  TO 


21 


J 


It  hosts  y  on  IjOSS 
To  Pay  a  I 
Ti  t  Up  More  For 

SILLCOCKS-MILLER 
PLASTIC  PARTS 


BRADLEY 

LABORATORIES,  INC 


82  Meadow  St.  New  Haven  10,  Conn 


ence.  Besides  all  this,  the  word  was 
incorrectly  spelled.  There  should  be 
a  smooth  breathing  mark,  before 
the  E,  and  in  the  second  place,  there 
was  a  Latin  “i”  for  the  Greek  iota 
in  the  third  syllable  of  the  word. 

The  Reverend  James  Morgan 

Afflliation  in 

The  Cathedral  of  Saint  John  the  JHrine 
New  York,  N.  Y. 


Church  Sound  System 

Dear  Sir: 

In  the  March  1946  issue  of  Elec¬ 
tronics  there  is  an  article  on  page 
206  titled  “Massive  Speaker  Cabi¬ 
net”  by  Christian  A.  Volf.  The  au¬ 
thor  comments  on  the  poor  results 
obtained  from  carillons  installed  in 
modern  church  buildings.  He  states, 
“It  is  not  that  the  concrete  mass  is 
detrimental,  but  that  the  steel  gird¬ 
ers,  which  form  the  skeleton  of  the 
structure,  conduct  the  sound  away 
from  where  it  is  wanted.” 

I  believe  the  author  has  made  an 
unfortunate  mistake  in  his  selection 
of  examples  to  illustrate  his  points. 
The  second  church  mentioned  as  an 
example  is  the  East  Liberty  Pres¬ 
byterian  Church  and  not  the  Mel¬ 
lon  Church  as  it  is  occasionally 
called.  The  church  proper,  exclu¬ 
sive  of  the  Parish  House,  is  a 
Gothic  structure  and  the  amount  of 
steel  used  in  the  construction  is 
practically  negligible.  It  is  a  ma¬ 
sonry  vault  with  no  steel  frame 
work  such  as  is  usually  associated 
with  building  construction  today. 
Finally,  there  is  no  carillon  in¬ 
stalled  in  our  belfry.  At  the  present 
time  there  is  one  large  bell  which  is 
used  in  the  usual  manner.  We  have 
installed  in  this  belfry  also  four 
loud  speakers.  These  have  ex¬ 
ponential  horns  and  there  is  a  West¬ 
ern  Electric  Type  555  reproducer 
attached  to  each  horn.  They  can 
handle  a  total  of  only  20  watts  elec¬ 
trical  power.  These  are  used  for  re- 


Oiprex  Modal  CX-404F2S< 


A  full-wave  rectifier 
widi  high  oooversion 
efficiency,  for  electronic 
control  work.  Rated  at 
6  volts  A.C.,  50  milli- 
amperes  D.C  continu¬ 
ous.  Fully  enclosed. 
Mounts  on  a  single 
screw. 

All  Bradley  rectifiers 
have  special  features 
chat  give  long  life, 
make  for  easy  assembly 
and  assure  accurate 
performance.  Bradley’s 
application  experience 
can  be  called  upon  for 
the  development  and 
production  of  special 
rectifiers  for  special 
fobs. 


When  you  require  plastic 
parts  fc^ricoted  to  close  tol¬ 
erances.  you  can  always  de¬ 
pend  on  Sillcocks-Miller. 

This  organization  pioneered 
in  the  precision  fabrication 
of  parts  from  plastic  sheets, 
tubes  and  rods.  Out  of  this 
long  experience,  Sillcocks- 
Miller  engineers  offr  you 
the  unnderstanding,  skill  and 
facilities  to  produce  plastic 
ports  to  your  exact  require¬ 
ments  or  to  help  you  work 
out  suitable  designs. 

This  know-how  saves  you 
time,  trouble  and  money. 
That's  why  "it  costs  you  less 
to  pay  a  little  more  for 
Sillcocks-Miller  quality." 


Illustrated  literature, 
available  on  request. 
sho¥rs  more  models  of 
copper  oxide  rectifWs. 
plus  o  line  of  selenium 
V  recHBers  and  pbotocdls. 
IpWrite  for  "The  Bradley 


Write  for 

lllatfrafod  broehoro 


A  TWENTY  MILLION  VOLT  betatron 
unit  has  been  installed  at  Picatinny 
Arsenal  for  use  as  an  x-ray  machine 
for  revealing  cavitation  in  the  burst¬ 
ing  charge  of  a  shell  or  bomb  or  im¬ 
perfections  in,  the  steel  casings.  It 
can  take  radiographs  through  12 
inches  of  steel. 


I  jtlO  WmI  Piriur  Amm*.  HtslMrMt,  R 1. 

||ll•illl|  AMrt»i  Siirtli  Oraif*. 
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producing  chime  recordings  and 
give  very  good  reproduction  in  the 
vicinity  of  the  church.  No  effort 
has  been  made  to  have  the  music 
carry  to  any  great  distance. 

I  do  not  know  from  what  source 
the  author  of  the  article  obtained 
his  information  regarding  this 
church.  The  selection  of  this  church 
as  an  example  does  not  illustrate 
any  of  the  points  which  the  author 
is  trying  to  emphasize  in  the  article. 
I  hope  this  letter  will  correct  a  false 
impression  regarding  this  edifice. 

Wm.  E.  Cochran 

Eant  lAbcrty  Presbyterian  Church 
Pittsburgh,  Pa. 


Crystal  Rectifiers 

Dear  Sir: 

In  your  handling  of  my  manu¬ 
script  published  in  the  July  1946 
issue  of  Electronics,  page  112,  un¬ 
der  the  title  “Crystal  Rectifiers”, 
several  omissions  and  errors  crept 
in. 

The  introductory  paragraph,  page 
112,  should  include  these  sentences 
from  the  original  manuscript.  Tn 
this  summary  of  present  crystal 
rectifiers,  no  attempt  is  made  to 
give  credit  or  make  reference  to  the 
work  of  numerous  laboratories  and 
individuals,  which  work  produced 
the  achievements  described  here. 
This  credit  will  undoubtedly  be 
given  in  technical  articles,  released 
NDRC  reports  and  in  one  of  the 
books  of  the  Radiation  Laboratory 
Technical  Series.’ 

On  page  117,  fourth  from  last  line 
and  on  p.ig*?  119,  21  lines  from  the 
end,  ‘3  microseconds’  should  be 
changed  to  ‘three  thousandths  of  a 
microsecond’. 

Figure  5  title  should  read :  ‘Theo¬ 
retical  vafiation  of  resistance  (A) 
and  sensitivity  (B)  of  a  representa¬ 
tive  crystal  with  temperature’. 

In  caption  of  Figure  11  and  in 
the  ordinate  label  ‘(back  to  front 
resistance  ratio)  ’  should  be  omitted. 
Table  II,  page  116,  top  of  first  col¬ 
umn  ‘Band  (cm)’  should  be  in¬ 
serted.  Table  II,  page  117,  top 
^(Cont.)’  should  be  inserted  after 
High-Back-Voltage  Crystals.  Table 
III  page  118,  second  column  top 
‘me’  should  be  changed  to  cm. 

W.  E.  Stephens 

Vniversity  of  Pennsylvania 
Philadelphia,  Pa. 


ELEGRONIC  REGULATED 
POWER  SUPPLIES 


IMMEDIATE 

DELIVERY 

SpeeiHeafiotts: 


Input:  115  V.  50-60  cycle. 

Regulation:  Less  than  l/IO  volt  change  in  output  voltage  with  change  of  from 
85  to  145  V.A.C.  input  voltage  and  from  NO  LOAD  to  FULL  LOAD  (over 
very  wide  latitude  at  center  of  variable  range). 

Ripple:  Less  than  5  millivolts  at  all  loads  and  voltages. 

Pits  any  standard  19"  rack  or  cabinet. 

TYPE  A:  Variable  from  210  to  330  V.D.C.  at  400  M.A. 

TYPE  B:  Variable  from  535  to  915  V.D.C.  at  125  M.A. 


Designed  by  one  of  the  foremost  electronic  communication  laboratories  in  the  coun¬ 
try;  constructed  by  its  equally  noted  associate  company;  and  built  for  the  U.S.  Army 
as  Power  Supply  RA-57-A  to  be  used  in  conjunction  with  the  microwave  RADAR 
set  SCR  547.  Equipment  was  never  used  and  was  obtained  in  their  original  packing 
crates. 

Adapted  to  civilian  use  by  mounting  on  I2*/|"  x  19"  panel,  black  crackle  finish, 
and  installing  milliammeters,  voltmeters,  fuses,  switches,  pilot  lights,  terminals, 
power  cords,  and  all  other  necessary  auxiliary  items. 

Construefiott  Features: 

Weston  Model  301  (or  equal)  Milliammeter  and  Voltmeter  Separate  Switches, 
pilot  lights,  and  fuses  for  FILAMENT  VOLTS  AND  PLATE  VOLTS. 

All  tubes  located  on  shockmount  assemblies. 

Fuses  mounted  on  front  panel  and  easily  accessible. 

Can  vary  voltage  by  turning  small  knob  located  on  front  of  panel. 

Can  easily  modify  unit  from  positive  to  negative  output  voltage  by  changing 
four  leads. 

All  individual  components  numbered  to  correspond  with  numbers  on  wiring 
diagram. 

Rigid  Construction:  Individual  components  were  designed  to  withstand  the 
most  severe  military  conditions — both  physical  and  electrical — and  were 
greatly  under-rated. 

Tube  complement,  Type  A:  2-836;  6-6L6;  2-6SF5;  I-VRI50;  I-VRI05 
Type  B:  2-836;  2-6L6;  2-6SF5;  I-VRI50;  I-VRI05 

Overall  dimensions:  19"  wide,  llVa"  high,  11"  deep. 

Net  weight:  80  pounds.  Shipping  weight:  95  pounds. 

Some  of  the  current  users  of  these  power  supplies  include  nationally  known  electronic 
and  communications  measurement  laboratories;  aircraft,  metallurgical  and  chemical 
research  labs;  technical  schools;  commercial  radio,  F.M.  and  television  stations; 
amateurs;  civilian  RADAR  installations;  etc. 

All  units  checked  and  inspected  at  150%  rated  load  before  shipment. 

NET  PRICE:  Type  A:  $175.00;  Type  B:  $168.00  F.O.B.  Baltimore 

For  further  information  write  to 

NATIONAL  RADIO  SERVICE  CO. 

Reisterstown  Rd.  &  Cold  Spring  Lane  Baltimore  1$,  Md. 
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CMPLOYMENT 


BUSINESS  •  OPPORTUNITIES 

B>  tATE:  INFORMATION: 

Rimum  clMr9«  ISJIO.  ROX  NUMRERS  in  car*  of  any  ^  o«r  Now 
)  Yoric,  Chicago  or  Saa  Fraaciaco  officaa  cooat 

full  Of  part.tima  sal-  *0 

tnanf  oaly),  abova  DISCOUNT  of  10%  H  foil  paymaat  is  mado 
in  advanca  for  four  oomacwtiva  iasartions  of 
Itaa  an  lasartiea.  aaditplayad  ads  (not  including  proposals). 

r _ : _ J  t/t  A  kJ  ttsL  wUf  mnnMtr  im  tkm  Oefobmr 


UNDISPLAYB)  RATE: 

IS  cants  a  word,  minimum  cliarga  IRJIO. 
(Sae  ^  on  Ro>  Numbers.) 

POSITIONS  WANTED  (full  or  part-tima  sal¬ 
aried  individual  employment  only),  above 
rates. 

PROPOSALS  7S  cants  a  Itna  an  Insartien. 

NfW  ADVERTISEI4EHTS  r^fd  by  10  A.  M. 


•  EQUIPMENT^SED  or  RESALE 

DISPLAYB>-RATE  PER  INCH: 

Tha  advertising  rate  is  S7J0  per  IncJi  for  OH 
advertising  appearing  on  other  than  a  con¬ 
tract  basis.  Contract  rotas  qaoted  on  reqeast. 

AN  ADVERTISING  INCH  is  measured  %  inch 
vertically  on  ona  column,  3  columns — ^30  inchai 
— to  a  page.  E 

/tsee,  %ubf9ct  to  limHoHom  ot  tpoem  owoffebla. 


FREE  BULLETIN 


POSITIONS  VACANT 


••SURPLUS  PROPERTT^ — How-Whnt-Where: 

A  32  pace  5x8  Indexed  booklet  civtnc  eom- 
plete  Information  on  the  pnrchane  of  covem- 
ment  anrpiiu  in  all  available  claaaiflcationa. 
Write  the  Office  of  Information — War  Anneta 
Administration.  Waahincton  25,  D.  C. 


RADIO  INSTRUCTORS.  Receiver  nervicinr 
experience.  College  de^ee  preferred.  83*00 
a  year  to  start,  |4200  after  four  months. 
Work  in  the  heart  of  the  Radio  Industry. 
Write  Raleiffh  G.  Dougherty,  158  Market 
Street.  Newark  3.  New  Jersey,  c/o  New  York 
Technical  Institute  of  New  Jersey. 


BNGINBER-PHT8ICIST  of  inventive  turn  of^ 
mind  with  Ph.D.  desree  or  equivalent  who 
has  knowledge  of  the  fundamentals  of  electri¬ 
cal  and  mechanical  englneerins  and  a  fair 
knowledge  of  inorganic  chemistry.  To  work  on 
fundamental  problems  involving  pool  type  rec- 
tiOer  tubes  for  use  in  applications  requiring 
motion  and  extreme  impact  shock.  P-213,  Elec¬ 
tronics.  330  W.  42nd  St-.  New  York  18,  N.  Y. 


ENGINEERS:  JUNIOR  and  senior  electrical 
engineers  or  physicists  for  general  develop¬ 
ment  engineering  in  television  and  allied  radio 
and  electronic  flelda  Established  manufactur¬ 
ing  concept  located  suburban  New  York  City. 
P-21A  Bieetronica  330  W,  42nd  St..  New  York 
18,  N.  Y. 


SYRACUSE  UNIVERSITY  | 

OPENINGS  IN  THE  DEPARTMENT  | 

OF  ELECTRICAL  ENGINEERING 

The  CoUege  of  Applied  Science.  Syracuse 
Univenity,  is  secki^  candidates  for  two 
positioos  in  its  Deparmaent  of^  Electrical 
Fogwieerinp,  one  of  wfaicb  Will  indudc  the 
Chaicinansmp  of  the  Department. 

It  is  dented  that  each  applicant  luve  die 
following  qualificadons,  aitbougfa  it  is  not 
expected  thia  all  will  be  fully  met: 

1.  Ham  Ph.D.  sr  0.8e.  Sums. 

2.  Ham  had  essildsrahls  exsarisaes  as  a  tseslur 
la  the  Md  sf  Radle  Eaiiuwrist,  lacladino  , 
hraad  cxsarieaee  ia  tha  am  sf  rad*#  aaalfSMat  | 
aad  asaaratai. 

3.  PasiMi  eaaHdwahis  fwmal  tralalaf  la,  aad 
aMHty  ta  am  Mfhar  aiathmiatim. 

A  Ham  had  tsaildirahli  haekgraaad  aad  tralalas  I 
la  Claatra-Majaatia  thamy. 

8.  Ham  had  a  fav  mars*  mf4mm  with  eaa- 
awieial  artaalratiaai  m  dsNoa  ar  damIseaMat 
molasur  aa  radls  maipaimL 
A  Asa  raags  prafansd.  88  ta  48  yaara. 
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VITAL  DEVELOPMENTS  IN  NEW  889R-A 

1  -  MECHANICAL  STRENGTH 

2  -  HIGH  FREQUENCY  OPERATION  AT  PEAK  VOLTAGE  LEVELS 


Fig.  1 — Equal  forces  were  applied  to  one  of  the 
non-offset  grid  prongs  in  the  old  structure  (left) 
and  the  new  structure  (right).  The  old  structure 
was  heavily  distorted  as  shown  while  the  new 
structure  was  unaffected. 


Fig.  2 — As  force 
was  increased  in 
endeavor  to  cause 
distortion  of  new 
conical  thimble, 
the  glass  dish  al- 
ways  failed  first 
as  shotrn  above. 


REPORT.... 


Summary  of  Developments 

Both  filament  and  grid  structures 
are  mounted  from  one  piece,  oxygen 
free,  high  conductivity  copper  sup¬ 
ports  (A)  making  possible  the  use 
of  heavy  shoulder  sections  (B).  The 
older,  outmoded  structure  necessi¬ 
tated  both  the  internal  brazing  of 
thimble  and  the  external  brazing  of 
a  small  reinforcing  disk.  Complete 
elimination  of  the  brazing  proce¬ 
dure  eliminates  not  only  a  weaker 
mechanical  area  but  also  its  detri¬ 
mental  effects  on  the  copper  and  the 
glass  seal.  A  strong  conical  form 
(C)  replaces  the  less  desirable  cyl¬ 
indrical  form  at  the  seals  (D).  The 
anode  and  grid  shields  (E)  have 
been  relocated  and  redesigned. 

Summary  of  Tests 

Distortion:  Equal  forces  were  ap¬ 
plied  to  the  old  and  new  structures 
(Fig.  1).  The  old  structure  was 
heavily  distorted ;  the  new  structure 
showed  no  change.  Force  on  the 
new  structure  was  increased  in  the 
endeavor  to  distort  it,  but  the  glass 
dish  invariably  failed  first  (Fig.  2). 

Thermal  Fatigue:  At  the  end  of 
200  cycles  no  apparent  fatigue  fail¬ 


ure  was  discernible,  thus  assuring 
freedom  from  grid-filament  shorts 
caused  by  stresses  on  the  terminals. 

Copper  Seals:  Copper  seals  were 
chosen  for  this  tube  because  the 
pure  metal  is  non-magnetic,  has 
very  low  rf  resistance  and  high 
conductivity.  The  seals  were  not 
heated  by  rf  during  operation.  Ter¬ 
minals  ran  much  cooler. 


Electric  Field:  Relocation  and  re¬ 
designing  of  the  anode  and  grid 
shields  reduced  the  hign  concentra¬ 
tion  of  the  electric  field  in  the  glass 
envelope.  Glass  heating  and  resul¬ 
tant  punctures  were  traced  to  this 
concentration  in  the  out-moded 
design. 

Conclusion:  The  redesigning  has 
resulted  in  an  impressive  increase 
in  mechanical  strength  and  im¬ 
provement  in  high  frequency  opera¬ 
tion  at  peak  voltage  levels. 
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and  data  sheets. 
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